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5 BACKGROUND OF THE INVENTION 

Antimicrobial peptides have been isolated from a wide variety of plants and 
animals, and play an important role in defense against microbial invasion. They fall 
into three main classes based on secondary structure and amino acid sequence 
similarities: oc-helical structures, highly disulphide-bonded (cysteine-rich) P-sheets 

10 and those with a high percentage of single amino acids such as proline or arginine. 
Most molecules are amphiphilic and contain both cationic and hydrophobic surfaces, 
enabling them to insert into biological membranes. Although one of the modes of 
action of antimicrobial peptides has been described as lysis of pathogens, they may 
also exert their effects by binding to intracellular targets. They have also been 

15 reported to exert a number of effects such as mediating inflammation and modulating 
the immune response. 

A small number of natural antimicrobial peptides have been isolated from 
teleosts including the pleurocidin, from the skin of winter flounder (Cole, Weis et al. 

20 1997), pardaxin from Red Sea Moses sole (Oren and Shai 1996), misgurnin from 
loach (Park, Lee et al. 1997), HFA-1 from hagfish (Hwang, Seo et al. 1999), piscidins 
from hybrid striped bass eosinophilic granule cells (Silphaduang and Noga 2001), 
moronecidins from hybrid striped bass (Lauth, Shike et al. 2002), parasin, a cleavage 
product of histone 2A from catfish (Park, Park et al. 1998) and some uncharacterized 

25 mucous secretions from carp (LeMaitre, Orange et al. 1996) and trout (Smith, 
Fernandes et al. 2000). In addition, a cationic steroidal antibiotic, squalamine, has 
been isolated from the shark, Squalus acanthias (Moore, Wehrli et al. 1993). 

Cysteine-rich antimicrobial peptides of the defensin family have been detected 
30 in the fat body of insects and the hemolymph of molluscs and crustaceans. They have 
also been isolated from various epithelia of mammals as well as circulating cells such 
as neutrophils and macrophages. Recently, small cysteine-rich peptides exhibiting 
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antimicrobial activity against various fungi, Gram positive and Gram negative 
bacteria have been isolated from blood ultrafiltrate (Krause, Neitz et al. 2000), the 
human urinary tract (Park, Valore et al. 2001), and the gill of bacterially challenged 
hybrid striped bass (Shike et al. 2002). These peptides, referred to as hepcidin or 
5 LEAP-1 (liver-expressed antimicrobial peptide), have been proposed to be the 
vertebrate counterpart of insect peptides induced in the fat body in response to 
infection (Park, Valore et al. 2001). 

Antimicrobial peptides have a variety of potential uses, (see for example US 
10 6,288,212 of Hancock) 

The conventional approach to identifying antimicrobial peptides involves 
biochemical purification from tissues or secretions. Fractions are tested for 
antimicrobial activity, and the purified peptides that exhibit activity are then 
sequenced. This approach is costly, time consuming, and not well suited to the 
15 identification of low abundance or difficult-to-purify antimicrobial peptides. 

Thus, it is an object of the invention to provide a method for identifying potential 
antimicrobial peptides. 

SUMMARY OF THE INVENTION 

20 In one aspect of the invention there is provided a method of identifying candidate 
nucleic acid sequences encoding antimicrobial peptides, said method comprising: 

(a) identifying an initial peptide of interest; 

(b) identifying genomic DNA encoding the initial peptide; 

(c) identifying a flanking sequence on each side of the initial peptide; 

25 (d) obtaining primers complementary to the flanking sequences; and, 

(e) screening a wide range of nucleic acid sequences to identify 
candidate sequences capable of being amplified using the primers 
from step d). 

According to one aspect of the invention the nucleotide and deduced amino 
30 acid sequences of hepcidin-like peptides are provided. 
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According to another aspect of the invention, the nucleotide and deduced 
amino acid sequences of pleurocidin - like peptides are provided. 

According to another aspect of the invention primers suitable for use in the 
5 identification, isolation and/or amplification of nucleic acid sequences encoding novel 
microbial peptides are provided. 

According to another aspect of the invention there is provided a method for the 
identification of families of nucleic acid sequences encoding antimicrobial peptides. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure A is a textual and graphical depiction of pleurocidin WF2 cDNAfrom winter 
flounder (A), a graphical depiction of a predicted hydrophobicity plot of 
peptide WF2 (B), and a diagrammatic depiction of a predicted helical structure 
15 ofWF2(C). 

Figure 2 is a pictorial depiction of results of amplification of certain hepcidin-like 
cDNAs. 

Figure 3 is a depiction of certain aligned pleurocidin -like peptide sequences. 

Figure 4 is a pictorial depiction of the results of PCR amplification of certain 
20 pleurocidin-like genomic sequences. 

Figure 5 is a depiction of an extended genomic sequence of WF4. 

Figure 6 is a depiction of an alignment of certain pleurocidin-like polypeptide 
sequences. 

Figure 7 is a pictorial depiction of the results of expression of certain pleurocidin-like 
25 genes in different winter flounder tissues. 

Figure 8 is a pictorial depiction of the results of RTPCR of expression of certain 
pleurocidins during winter flounder development. 

Figure 9 is a pictorial depiction of the results of a study of the expression of certain 
pleurocidin-like genes during winter flounder development. 
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Figure 10 is a pictorial depiction of the results of a Southern analysis of certain 
pleurocidin genes of winter flounder. 

Figure 11 is a schematic depiction of the genomic organization of certain pleurocidin 
genes from winter flounder. 

5 Figure 12 is a schematic depiction of certain transcription factor binding sites located 
upstream from pleurocidin genes from winter flounder. 

Figure 13 is a graphical depiction of results showing the impact of peptide NRC-15 
on bacterial survival. 

Figure 14 is a graphical depiction of results showing the impact of peptide NRC- 
10 13 on bacterial survival. 

Figure 15 is a graphical depiction of results showing the impact of peptide NRC-12 
on yeast survival. 

Figure 16 is a depiction of nucleotide sequences of an unspliced (A) and partially 
15 spliced (B) cDNA encoding a type I hepcidin and a schematic depiction of 

intron/exon structure of a hepcidin gene in human, mouse and salmon (C). 

Figure 17 is a depiction of certain hepcidin sequences from different species shown in 
alignment. 

Figure 18 is a depiction of certain aligned 3' untranslated regions of hepcidin genes 
20 from winter flounder (A) and Atlantic salmon (B). 

Figure 19 is a pictorial depiction of the results of Southern hybridization analysis of 
certain hepcidins from different fish species. 

Figure 20 is a pictorial depiction of the results of an assay of the expression of certain 
hepcidin and actin genes in various tissues of winter flounder. 

25 Figure 21 is a pictorial depiction of the results of an assay of the expression of certain 
Type I (A) and Type 2 (B) hepcidin and actin genes in various tissues of 
control and infected salmon. 
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Figure 22 is a pictorial depiction of the results of an assay of expression of certain 
Type I (A), Type II (B) and Type m (C) hepcidin and actin genes in 
developing winter flounder larvae. 

Figure 23 is a schematic depiction of steps taken in an embodiment of the method for 
5 identifying pleurocidins. 

Figure 24 is a schematic depiction of steps taken in an embodiment of the method for 
identifying hepcidins. 

Figure 25 is a graphical depiction of experimental results using antimicrobial peptide 
NRC-13 in the presence of 150 mM NaCe. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The method of the invention builds on the surprising discovery that the flanking 
sequences around antimicrobial peptides, including without limitation pleurocidins 
and hepcidins, are conserved. The method of the invention provides a means of 
identifying nucleotide sequences encoding pleurocidins and hepcidins, and identifying 
15 the encoded polypeptide sequences. 

In one embodiment, the method provides, generally, a way of identifying members of 
a family of antimicrobial peptides once a single family member has been identified. 
The initial family member may be an initial peptide of interest. Initial peptides of 
20 interest can be identified based on either known or reported antimicrobial activity or 
based on sequence similarity to other known antimicrobial peptides. Once an initial 
peptide has been identified, the genomic DNA encoding it is identified and its 
flanking sequences are determined. 

25 As used herein, the term "flanking sequences" refers to nucleic acid sequences 

appearing at or near one or both ends of a target nucleic acid sequence encoding an 
antimicrobial peptide. 

As used herein a nucleic acid sequence is "at or near" the end of a target 
30 sequence if a portion of the sequence is within 50 nucleic acids of the end of the gene 
(whether within the coding region or outside it). 
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When an initial peptide of interest is identified based on sequence similarity to 
another peptide with known antimicrobial activity, the initial peptide preferably has 
an amphipathic structure and a net charge. In some instances the charge will 
preferably be a net positive charge of at least 2. In some instances, the peptide is at 

5 least 75 %, 85% or 95 % identical in sequence to the peptide having known 

antimicrobial activity. In some instances the sequence similarity identified may relate 
to similarity between nucleic acid sequences encoding the known peptide and 
encoding the peptide of interest. In such instances, the predicted peptide for the 
peptide of interest will be considered with respect to predicted charge and 

10 amphipathic structure. 

For example, the prepro-sequences of pleurocidins and hepcidins tend to be 
conserved. Thus, by employing nucleic acid primers specific for such sequences, one 
can identify potential pleurocidin- and hepcidin- encoding sequences. Alternatively 

15 or additionally, known gene sequences of other classes of antimicrobial peptides can 
be examined to identify regions which appear to encode conserved prepro-sequences 
and a similar strategy used to identify other members of this family of peptides. The 
corresponding antimicrobial peptide encoded by such sequences can be predicted 
using the general features found in most pleurocidins and hepcidins, such as, for 

20 example, a net positive charge of at least 2 and an amphipathic structure. 

As used herein with respect to pre-, pro- and prepro sequences of antimicrobial 
peptides, "pre" and "pro" have the following meaning: "Pre" refers to the signal 
peptide portion (or a functional portion thereof) of the peptide. "Pro" refers to the 
25 propiece. In pleurocidins the propiece is the anionic region at the carboxy terminus. 
In hepcidins the propiece is the region upstream of the mature peptide. In the non- 
limiting examples disclosed herein pleurocidin primers were designed based on the 
pre and pro regions, and hepcidin primers were designed based on the pre region and 
the y untranslated region (UTR). 

30 

PCR can be used to amplify nucleic acid sequences encoding potential 
pleurocidins or hepcidins. This can be conveniently accomplished by using a pair of 
PCR primers, one of which recognises a nucleic acid sequence complementary to a 
polynucleotide sequence encoding an amino-terminal prepro-sequence conserved in 
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the peptide type of interest, and the other complementary to a 3' conserved region in 
the nucleotide encoding the peptide-type of interest. It will be appreciated that other 
prepro-sequences may exist and are specifically contemplated. For example, 
redundancy in the genetic code allows for multiple nucleic acid sequences encoding a 
5 particular amino acid sequence. As discussed with respect to 5'prepro-sequences, 
other 3' conserved sequences may exist and are specifically contemplated. When 
designing primers it is useful to have reference to known codon usage information for 
the species in which sequence amplification is sought. 

10 In an embodiment of the invention there is provided the use of signal sequence I 

or a nucleic acid sequence encoding same in identifying or amplifying potential 
pleurocidins. 

Signal Sequence I 

15 MKFTATFL (X) n (L) D (F) p I (F) q (X) y VLM (X) z (V) r (E) s (D) t (P) u (L) v G E (C) w (G) x 



Wherein: 




n is 1 to 3 


u is 0 or 1 


o is 0 to 2 


v is 0 or 1 


p is 0 or 1 


w is 0 or 1 


r is 0 or 1 




s is 0 or 1 


x is 0 or 1 


tisOor 1 


y is 0 or 1 




z is 0 or 1 



with the restriction that: 
25 x + o + p = 3, s + t=l, 

u + v=l, w + x=l, and 

q + =l. 

In an an embodiment of the invention there is provided the use of one or both 
30 sequence PL1 or PL2 or a nucleic acid sequence encoding same in identifying or 
amplifying potential pleurocidins. 

PL1 GCCCACTTTGTATTCGCAAG 
PL2 CTGAAGGCTCCTTCAAGGCG 
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In an embodiment of the invention there is provided the use of an acidic sequence 
I or a nucleic acid sequence encoding same in identifying or amplifying potential 
5 pleurocidins. 

Acidic Sequence I 

(Y) a (X) b (X) c (E) d (X) e (Q)f (E) g L (N/D) KR (A/S) V D (D/E) 
wherein: 

10 

aisOor 1 eislto3 
b is 0 or 1 f is 0 or 1 

c is 1 or 2 g is 0 or 1 

d is 0 or 1 

15 

with the restriction that 
a + b= 1, 
c + d = 2, and 
e + f+g = 3. 

20 

As used in the sequences herein "X" refers to any amino acid. Nucleic acid 
sequences encoding signal sequence I and acidic sequence I are specifically 
contemplated, as are nucleic acid sequences complementary to such nucleic acid 
sequences. 

25 

In an embodiment of the invention there is provided the use of signal peptide II, 
in, IV, V or a nucleic acid encoding same, in the identification or amplification of 
hepcidins. 

30 Signal Peptide II 

MKXXXXAXXVXXVL 

Signal Peptide IH 
MKTFSVAV 
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Signal Peptide IV 

MKTFSVAVTVAVVLXFICIQQSSA 

5 Signal Peptide V 

MKTFSVAVAV (T/V) (L/V) VLA (F) n (V/C) (C/M) (I/F) (Q/I) X (X) m S (S/T) AV P 

FXXV, 

Wherein n is 0 or 1 and m is 0 or 1. 

10 In an embodiment of the invention there is provided the use of prosequence I, 

Prosequence II or a nucleotide sequence encoding same or complementary to one 
encoding same in the identification or amplification of hepcidins. 

Prosequence I 
15 PEVQXLEEAXSXDNAAAEHQE 

Prosequence II 

PFXXVX(X)„ (L/T) EEV (E/G) (G/S) XD (T/S) PV (A/G) XHQ, 
Wherein n is 0 or 1, 

20 

In an embodiment of the invention there is provided the use of HcPA3b3' and/or 
HcSaB' or a nucleotide sequence encoding same or complementary to one encoding 
same in the identification or amplification of hepcidins. 

25 

HcPa3b 3* 3 * AC AACCTCGTCCTT AGG5 * 
HcSal 3' 3>ACGCCCGTCCAGGAAT5' 

Non-limiting Examples Of Uses 
30 Antimicrobial peptides are useful in the treatment and/or prevention of infection 

in a variety of subjects, including fish, reptiles, birds, mammals, amphibians and 
insects. 
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Antimicrobial peptides are also useful for reducing bacterial growth and/or 
accumulation on surfaces. This is of particular benefit in the food industry where 
antimicrobial peptides can be used for coating surfaces used in the processing, 
preparation, and/or packaging of food. 

5 

Antimicrobial peptides disclosed herein can be administered in a variety of ways. 
In some instances, oral administration will be desirable. Some types of oral 
administration will be improved by encapsulation of the peptides so as to allow their 
preferential release at a particular stage in digestion. In some instances it will be 

10 desirable to include pre and/or pro sequences in the administered peptide (for example 
to improve stability or modulate activity). The pre and/or pro sequences can be 
cleaved off by endogenous proteases at the appropriate stage. Peptides may be 
administered by inhalation where the subject breathes air or by addition to water for 
gilled subjects. Administration by injection will in some cases be desirable. Peptides 

15 may be injected into any number of sites. In some cases intravenous injection will be 
desired. In some instances injection directly into or adjacent to the site of infection or 
potential infection will be desired. In some instances topical administration will be 
desired. Where the presence of the antimicrobial peptide is desired at a remote and 
specific site, or where the peptide will be desired for a prolonged period of time, gene 

20 therapy may be used to provide expression of one or more antibacterial peptides in the 
tissue(s) of concern. 

Where the subject is a cultured or domesticated creature such as a fish, bird or 
non-human mammal, production of a transgenic variety which expresses one or more 
25 antibacterial peptides may be desired. Methods for producing transgenic animals are 
well known. (See for example Mar.Biotechnol.4: 338,2002). 

A variety of antimicrobial peptides are contemplated and fall within the scope of 
the invention. By way of non-limiting example, peptides comprising the following 
30 amino acid sequences or a sequence at least 80% or 90% homologous thereto, and 
nucleic acid sequences encoding them are specifically contemplated: 

i) GW(G/K)XXFXK 

ii) GXXXXXXXHXGXXIH 

hi) FKCKFCCGCCXXGVCGXCC 
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iv) CXXCCNCC (K/H) XKGCGFCCKF 

v) FKCKFCCGCRCGXXCGLCCKF 

vi) XXXCXXCCNXXGCGXCCKX 

5 Other specific, non-limiting examples of antimicrobial sequences of interest can 

be found in Tables 4 and 1 1 . 

Antimicrobial peptides of the invention may be modified. Such modifications 

may in some instances improve the peptides' stability or activity. Examples of 

modifications specifically contemplated include: 
10 - conservative amino acid substitutions (acidic with acidic, basic with basic, 

neutral with neutral, polar with polar, hydrophobic with hydrophobic, etc.) 

- addition of positively charged amino acids (lysine, arginine, histidine) at 
either or both ends 

- replacement of amino acids with others unlikely to result in structural 
15 changes including D-amino acids and peptidomimetics 

- deletion of one or more amino acids 

- modifications at C-terminal or N-terminal ends, including methl esters and 
amidates 

- cyclised versions of the peptides (which may result in increased stability 
20 without adversely affecting activity) 

Examples - Methods 

Fish Rearing 

Winter flounder larvae were reared as described (Douglas, Gawlicka et al. 

25 1999), the disclosure of which is incorporated herein by reference. Saint John River 
stock Atlantic salmon (Salmo salar L.) were maintained in single-pass, heated, 
dechlorinated fresh water at 12°C in the Dalhousie University Aquatron facility in 
Halifax, Nova Scotia. All fish were euthanised with an overdose of tricaine 
methanesulfonate (MS 222, 0.1 g L"\ Argent Chemical Laboratories, Inc., Redmond, 

30 WA, USA) prior to sampling. All animal procedures were approved by the Dalhousie 
University Committee for Laboratory Animals and the National Research Council - 
Halifax Local Animal Care Committee. 
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Bacterial Challenge 

Aeromonas salmonicida subsp salmonicida strain A449 (Trust et al. 1983) was 
cultured to mid-logarithmic growth in Tryptic Soy Broth (TSB) at 17°C. The 

5 absorbance at 600nm of the bacterial suspension was determined and the bacteria 
were resuspended to approximately 5 x 10 7 cfu mU 1 in sterile Hanks Balanced Salt 
Solution (HBSS). Three salmon (200g each) were anaesthetised with 50 mg L" 1 TMS, 
injected intraperitoneaUy with 2.5 x 10 6 cfu bacteria in 50 pi. HBSS and allowed to 
recover in fresh water. Uninjected fish from the same cohort were maintained in 

10 separate tanks as controls. Three days post-injection, control and infected salmon 
were euthanised as described above and samples of tissues removed. Blood was 
drawn from the caudal vein into a heparinised container. To confirm that the fish were 
positive for A. salmonicida, the posterior kidney of both infected and control fish 
were swabbed and used to inoculate tryptic soy agar (TSA) that was incubated at 

15 room temperature overnight. Atlantic halibut tissue samples were obtained from a 
bacterial challenge study performed at Bedford Institute of Oceanography, 
Dartmouth, Nova Scotia. 

Sampling 

20 Tissues (oesophagus, stomach, pyloric caecae, liver, spleen, intestine, anterior 

kidney, posterior kidney, gill, skin, ovary, rectum, heart, muscle and brain) were 
removed into RNALater (Ambion, Austin, TX, USA) and kept at -80° C until used. 
Samples of winter flounder larvae at different stages and juveniles were rinsed in 
RNALater (Ambion, Austin, TX, USA), transferred into 1.5 ml Eppendorf tubes 

25 containing 0.5-1 .25 ml RNALater, and kept at -80° C until used. 

Pleurocidins 

The general approach followed is shown in Figure 24 

Isolation of pleurocidin cDNA 

30 A cDNA library constructed from winter flounder skin (Gong et al 1996) was 

screened using degenerate oligonucleotides (PleuroA, PleuroB; Table 1). The library 
was plated at 80,000 phage/plate and duplicate lifts to HyBond filters were made of 
each of eight plates. A mixture of radioactively end-labelled PleuroA and PleuroB 
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probes was hybridised with the filters at 50° C using standard procedures, and the 
filters were washed in IX SSC/0.1% SDS at 50° C for 45 min. Plaques that showed 
matching hybridization signals on both duplicate filters were picked and the library 
rescreened until 100% purity of the recombinant plaques was obtained. Two 

5 recombinants were completely sequenced using an ABB73 stretch automated 
sequencer and the AmpliTaqFS Dye Terminator Cycle Sequencing Ready Reaction 
kit (Perkin-Elmer, Foster City, CA, USA). Sequence data were analyzed using 
Sequencher (Gene Codes, Inc., Ann Arbor, MI, USA) and DNA Strider. The amino- 
terminal signal sequence was predicted using SignalP 

10 (http://www.cbs.dtu.dk/services/SignalP). The Helical Wheel routine of the GCG 
package (http://www.gcg.com) was used to model the helical structure of the 
predicted antimicrobial peptide sequences. 

Genomic PCR 

15 Genomic sequences were amplified using two sets of primers specific to the 

winter flounder pleurocidin cDNA (PL1/PL2 and PL5'/PL3'; Table 1; Fig. 1). The 
amplification conditions were: 1 min at 94° C; 35 cycles of 30 s at 94° C; 30 s at 52° 
C, 90 s at 72° C; and 2 min at 72° C, and products were resolved on a 1% agarose gel. 
Bands were excised from the gel, extracted using Gene-Clean (BiolOl, La Jolla, CA, 

20 USA) and cloned into the Topo TA2.1 vector (Invitrogen, Carlsbad, CA, USA) as 
recommended by the manufacturers. Several isolates from each transformation were 
sequenced and analyzed as described above. Intron positions were identified by 
comparison with the cDNA sequence. 

25 Identification of additional winter flounder pleurocidin-like sequences by RT- 
PCR 

Total RNA was isolated from winter flounder skin and intestinesubstantially 
as described in Douglas, Gawlicka et al (1999). Reverse transcription of 2 |ig of total 
RNA was performed using the RETROScript kit (Ambion, Austin, TX, USA) 
30 according to the manufacturer's recommendation. PCR was performed using PL3' and 
a primer corresponding to the amino terminus of the precursor polypeptide (PL5'; 
Table 1). The amplification conditions were: 1 min at 94° C; 32 cycles of 30 s at 94° 
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C, 30 s at 50° C, 90 s at 72° C; and 2 min at 72° C and products were resolved on a 
2% NuSeive gel. Bands were excised, cloned and sequenced as described above. 

Identification of additional pleurocidin-like sequences from different tissues 
5 Tissue-specific expression of pleurocidin was investigated by northern 

analysis using polyadenylated RNA (500 ng) from adult skin, liver, ovary, muscle, 
spleen, pyloric caeca, stomach and intestine. The entire insert from the cDNA clone 
corresponding to WF2 was radioactively labelled and incubated with the blot 
overnight at 60° C in UltraHyb hybridisation solution (Ambion, Austin, TX, USA). 
10 The blot was washed to a stringency of 50° C in IX SSC/0.1% SDS for 1 h before 
exposure to X-ray film. RT-PCR was also employed using primers specific to WF1, 
WFla, WF2, WF3, WF4, WFYT and WFX (Table 2) to assay expression of the 
different pleurocidin-like variants in various tissues. The conditions used were as 
described in the preceding paragraph except that the annealing temperature was 52 ° 
15 C. 

Identification of additional pleurocidin-like sequences from different 
developmental stages 

Two larval time series were used to assess developmental expression of 

20 pleurocidin-like genes. In the first, RNA was isolated from pooled samples of twenty 
whole larvae (5 and 13 dph), ten whole metamorphosing larvae (20 dph) and newly 
metamorphosed larvae (27 dph), gut tissue of two juveniles (41 dph), skin from the 
upper and lower side of adult fish and tissue from adult upper and lower intestine. 
RNA was isolated as described (Douglas, Gawlicka et al. 1999), the disclosure of 

25 which is incorporated herein by reference, and the assays were performed using the 
primers PL5' and PL2 and conditions described above for RT-PCR. Amplification of 
the actin mRNA was performed as previously described (Douglas, Bullerwell et al. 
1999), the disclosure of which is incorporated herein by reference, to confirm the 
steady level of expression of a housekeeping gene and to provide an internal control 

30 for pleurocidin expression. In the second larval time series, RNA was isolated from 
pooled samples of twenty whole larvae (hatch, 5 and 9 dph), ten whole larvae (15, 20, 
25, 30 and 36 dph) and gut tissue of two juveniles (41 dph). Assays were performed 
using primers specific to WF1, WFla, WF2, WF3, WF4, WFYT and WFX (Table 2) 
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to determine expression of the different pleurocidin-like variants at different stages of 
development. The conditions used were as described in the preceding paragraph. 

Southern analysis 

5 Southern analysis of SamHI- and Sstf-digested genomic DNA from winter 

flounder, three other flatfish (American plaice Hippoglossoides platessoides 
Fabricius, Atlantic halibut Hippoglossus hippoglossus L. and yellowtail flounder 
Pleuronectes ferruginea Storer), haddock (Melanogrammus aeglefinus L.), pollock 
(Pollachius virens L.) and smelt (Osmerus mordax Mitchill) was performed 

10 sequentially using the entire inserts from genomic clones corresponding to WF1, 
WF2, WF3 and WF4 as probes. Hybridisations were performed overnight at 65° C as 
previously described (Douglas, Gallant et al. 1998), the disclosure of which is 
incorporated herein by reference, and the blots were washed at 65° C in 0.5X 
SSC/0.1% SDS for 1 h and exposed to X-ray film. Blots were stripped by incubating 

15 twice in boiling 0.5% SDS and checked for residual signal by exposure to X-ray film 
overnight. 

Identification of additional pleurocidin-like sequences from other fish species 

Total RNA was isolated from skin and intestine of yellowtail flounder, witch 

20 flounder and Atlantic halibut and reverse-transcribed as described above (RT-PCR 
analysis). Total genomic DNA was isolated from milt of yellowtail flounder, witch 
flounder, American plaice, Atlantic halibut and tissue samples of Petrale sole, C-O 
sole, English sole, Starry flounder, European plaice, Greenland halibut and Pacific 
halibut. Two sets of primers specific to the winter flounder pleurocidin cDNA 

25 (PL1/PL2 and PL5' /PL3*; Table 1; Fig. 1) were used and the amplification conditions 
were: 1 min at 94° C, 32 cycles of 30 s at 94° C; 30 s at 50° C, 90 s at 72° C; and 2 
min at 72° C. Products were resolved on a 2% NuSeive gel, bands excised, cloned 
and sequenced as described above. 

30 Figure 1 is a textual and graphical depiction of WF2 pleurocidin from winter 

flounder A. Nucleotide sequence of cDNA for pleurocidin from winter flounder 
isolated from the skin library. The positions of primers used for PCR are underlined 
and the deduced amino acid sequence is shown in upper case letters below the 
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nucleotide sequence. Arrows indicate the mature 5' and 3 ' termini of the pleurocidin 
peptide and diamonds indicate the positions of introns. The single SstI restriction 
endonuclease site (GAGCTC) and the putative polyadenylation site (aataaa) are 
indicated in boldface. B. Hydrophobicity plot of predicted pleurocidin polypeptide 

5 WF2 constructed using the Kyte-Doolittle option of DNA Strider (Marck 1992). The 
borders of the mature pleurocidin are indicated by vertical arrows. C. Diagrammatic 
representation of helical structure of predicted pleurocidin polypeptide WF2 
constructed using the Helical Wheel routine of GCG. Hydrophobic residues and 
glycines are boxed and polar residues are not. The first amino acid (G) of the mature 

10 polypeptide is found at the top of the wheel. 

Identification of pleurocidin-like sequences in the winter flounder genome 

A winter flounder genomic X-GEM library was screened using a radioactively 
labeled probe for pleurocidin (WF2; Douglas et aL, 2001). Four clones were picked 

15 and replated until 100% purity was achieved. The clones were mapped using BamHI, 
SstI, Xhol and Eco RI and two clones (XI A and A5.1) that differed in restriction 
pattern were selected for sequencing. Both clones were completely sequenced using 
an ABI373 stretch automated sequencer and the AmpliTaqFS Dye Terminator Cycle 
Sequencing Ready Reaction kit (Perkin Elmer, Foster City, CA, USA. Transcription 

20 factor binding sites were identified using WWW Signal Scan 
fhttp://bimas.dcrt.nih.gov/molbio/signaiy) with the TransFac and TFD databases and 
promoters were detected using the eukaryotic promoter prediction by neural network 
software available at the Baylor College of Medicine 
(http://searcWauncher.bcm.tmc.edu/seq-search/gene-search.html). 

25 Hepcidins 

The general approach followed is depicted in Figure 24 

Molecular Characterisation of Hepcidin cDNAs 

Eight ESTs showing high similarity to human hepcidin were identified from 
30 the winter flounder EST database (Douglas, Gallant et al. 1999) and four from the 
Atlantic salmon database (Douglas, Tsoi et al. 2002). Using these sequences to screen 
dbEST, BLASTX analysis revealed two related sequences from Japanese flounder 
(C23298.1 and C23432.1), one sequence from rainbow trout (AF281354_1) and five 
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identical sequences from medaka (AU178966, AU179222, AU179314, AU179768 
and AU 180044). Sequence data were analyzed using Sequencher (Gene Codes, Inc., 
Ann Arbor, MI, USA) and DNA Strider (Marck 1992). Alignments and similarity 
matrices were calculated using ClustalW (Thompson, Higgins et al. 1994) and 

5 graphically visualised using SeqVu (Garvan 1996). The on-line servers PSORT 
rhttp://PSORT.nibb.ac.ip) , Compute pi Oittp://expasv.hcuge.ch/c gi-bin/Di tool), and 
Network Protein Sequence ©nalysis (http://npsa -pbil.ibcp.fr/cgi- 
bin/secpred consensus.pl) were used to predict N-terminal signal sequences, pi and 
secondary structure, respectively. The secondary structure prediction program utilized 

10 seven different algorithms (for details, see web site) and provided a consensus 
prediction based on these results. 

Southern Hybridisation 

Total genomic DNA was prepared from winter flounder (Pleuronectes 
15 americanus), yellowtail flounder (Pleuronectes ferruginea), witch flounder 
(Glyptocephalus cynoglossus), Japanese flounder (Paralichthys olivaceus), American 
plaice (Hippoglossoides platessoides\ Atlantic salmon (Salmo salar\ haddock 
(Melanogrammus aeglefinus), smelt (Osmerus mordax), hagfish (Eptatretus burgeri), 
tiger shark (Scyliorhinus torazame) and white sturgeon (Acipenser transmontanus) as 
20 previously described (Douglas, Bullerwell et al. 1999), the disclosure of which is 
incorporated herein by reference. DNA (7.5 Dg) was digested with SstI according to 
the manufacturer's recommendations and the fragments resolved on a 1% agarose gel. 
A 104 bp probe corresponding to amino acid residues WMENPT. . . .GCGFCC of 
Type I winter flounder hepcidin was labeled using the DIG Labelling Kit (Roche 
25 Applied Science, Laval, PQ, Canada) and hybridized to the membrane for 2h at 42 °C 
using the Easy Hyb kit (Roche Applied Science, Laval, PQ, Canada). The membrane 
was washed in 0.2X SSC at 65 °C and signal detected using the DIG Luminescent 
Detection Kit (Roche Applied Science, Laval, PQ, Canada). 

30 Identification of additional hepcidin-like sequences by RT-PCR 

Primers were designed based on the cDNA sequences determined in this study 
(Table 3). Amplification of actin mRNA was performed to confirm the steady-state 
level of expression of a housekeeping gene and provide an internal control for the 
hepcidin gene expression analyses. Controls were performed using single primers to 
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eliminate single primer artifacts and without reverse transcription to eliminate 
amplification products arising from contaminating genomic DNA. 

Total RNA was isolated from tissues of uninfected adult winter flounder and 
uninfected and infected adult salmon and halibut using the RNAWiz Kit (Ambion, 

5 Austin, TX, USA) according to the manufacturer's recommendations. Tissues were 
homogenized using a 7mm generator on a Polytron standard rotor stator homogenizer 
(Kinematica). In addition, RNA was isolated from pooled samples of twenty whole 
larvae (hatch, 5 and 9 dph), ten whole larvae (15, 20, 25, 30 and 36 dph), gut tissue of 
two juveniles (41 dph) and adult winter flounder liver. To eliminate contaminating 

10 DNA, the Ambion DNA-/ree TM protocol was used as directed. Briefly, 4 units of 
DNase 1 was added to the resuspended RNA and incubated for 1 hour at 37C. After 
incubation, DNAse Inactivation Reagent was added to remove the enzyme and RNA 
concentrations were determined using a Beckman DU-64 Spectrophotometer. 

15 First strand cDNA was synthesized from 1 \ig of total RNA using the 

RetroScript kit (Ambion, Austin, TX, USA) and aliquots of the reaction products 
were subjected to PCR using rTaq polymerase (Amersham Pharmacia Biotech AB, 
Uppsala, Sweden) or the Advantage2 PCR kit (Clontech, Palo Alto, CA, USA). The 
primers and annealing temperatures are listed in Table 3. The amplification conditions 

20 were: 1 min at 95° C; 32 cycles of 15 s at 95° C; 30 s at the annealing temperature, 30 
s at 68° C; hold at 4° C. Amplification products were resolved on a 2% NuSieve 
agarose gel with a 100 bp ladder as a marker (Gibco BRL, Gaithersburg, MD, USA) 
and the amount of each product was quantified using a GelDoc 1000 video gel 
documentation system (BioRad, Mississauga, Ont., Canada) with the Multianalyst 

25 software. 

Identification of additional hepcidin-like sequences from other fish species 

Total RNA was isolated from liver and spleen of bacterially challenged 
Atlantic halibut and Atlantic salmon and reverse-transcribed as described above (RT- 
30 PCR analysis). Two sets of primers were used (see legend, Fig. 2) and the 
amplification conditions were: 2 min at 94° C; 32 cycles of 30 s at 94° C; 30 s at 52° 
C, 30 s at 72° C; and 2 min at 72° C. Products were resolved on a 2% NuSeive gel, 
bands excised, cloned and sequenced as described above. 
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Prediction of active cationic peptide sequences 

The mature peptide sequences from Figure 3 (pleurocidin-like peptide 
sequences deduced from nucleotide sequences of genes and PCR products amplified 
5 from fish tissues) constituted the basis of sequence selection. Generally, upon 
extensive sequence analysis, those peptides that possessed a net positive charge and 
had their hydrophilic and hydrophpobic residues well-separated in models were 
produced. Also, generally those peptide genes that were likely to be expressed 
(possessed promoters) were used, although pseudogenes were also included in the 
10 panel. The exact start/end residues were decided upon based on several factors listed 
below. In most cases the N-terminus of the mature peptide was well defined, since it 
followed directly the conserved signal peptide region, and aligned well with other 
mature peptides. Wherever a straightforward determination on the N-teminal amino 
acid was not possible, an attempt was made to preserve GW or GF at the N-terminus, 
15 as this is frequently encountered among cationic peptides. In addition, two versions of 
WFla (NRC-2 and NRC-3) were produced: one contained N-terminal GRRKRK, and 
the other did not. In some cases the C-terminus of the mature peptide was also well 
defined, since it was followed directly by a conserved acidic propiece. However 
significant ambiguity as to the C-terminal amino acid existed among many peptides. 
20 Generally, two rules were followed in deciding upon C-terminal amino acids: (1) 
wherever glycine appeared at or near the C-terminus, it was considered to be a 
precursor for carboxy-terminus amidation; (2) large numbers of negatively charged 
amino acids near the C-terminus were generally considered to be a part of the 
propiece and not the mature active peptide, and were not included in the sequence. 

25 

All antimicrobial peptides used in this study were synthesized by N-(9- 
fluorenyl) methoxy carbonyl (Fmoc) chemistry at the Nucleic Acid Protein Service 
(NAPS) unit at the University of British Columbia. Peptide sequences are shown in 
Table 4. Peptide purity was confirmed by HPLC and mass spectrometry analysis in 
30 each case. In the case of NRC-7 further purification by RP-HPLC was performed until 
homogeneity of the sample was obtained. 
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Bacterial Strains and Candida albicans 

All strains used in this study are listed in Table 5. Most non-fish bacterial 
strains as well as Candida albicans were grown at 37°C in Mueller-Hinton Broth 
(MHB; Difco Laboratories, Detroit), while the fish bacteria were maintained at 16°C 

5 in Tryptic Soy Broth (TSB; Difco, 5g/l NaCl). All strains were stored at -70°C until 
they were thawed for use and sub-cultured daily. The following strains, Pseudomonas 
aeruginosa K799 (parent of Z61), Pseudomonas aeruginosa Z61 (antibiotic 
supersusceptible), Salmonella typhimurium 14028s (parent of MS7953s), Salmonella 
typhimurium MS7953s (defensin supersusceptible), as well as Staphylococcus 

10 epidermidis (human clinical isolates) and methicillin-resistant Staphylococcus aureus 
(MRSA; isolated by Dr. A. Chow, University of British Columbia) have been kindly 
donated by Prof R.E.W. Hancock, University of British Columbia. 

Escherichia coli strain CGSC 4908 (his-67, thyA43, pyr-37)> auxotrophic for 
thymidine, uridine, and L-histidine (Cohen et aU 1963) was kindly supplied, free of 

15 charge, by the E.coli Genetic Stock Centre (Yale University, New Haven, CT). MHB 
supplemented with 5 mg/L thymidine, 10 mg/L uridine and 20 mg/L L-histidine 
(Sigma Chemical Co., St. Louis, MO), was used to grow E.coli CGSC 4908 unless 
otherwise specified. 

Two field isolates of the salmonid pathogen Aeromonas salmonicida are from 
20 the 1MB strain collection. 

Minimum Inhibitory Concentrations 

The activities of the antimicrobial peptides were determined as minimal 
inhibitory concentrations (MICs) using the microtitre broth dilution method of 
25 Amsterdam (Amsterdam, 1996), as modified by Wu and Hancock (1999). Serial 
dilutions of the peptide were made in water in 96-well polypropylene (Costar, 
Corning Incorporated, Corning, New York) microtiter plates. Bacteria or C. albicans 
were grown overnight to mid-logarithmic phase as described above, and diluted to 

give a final inoculum size of 10 6 cfu/ml. A suspension of bacteria or yeast was added 
30 to each well of a 96 well plate and incubated overnight at the appropriate temperature. 
In the case of E. coli CGSC 4908, supplemented MHB was used. Inhibition was 
defined as growth lesser or equal to one-half of the growth observed in control wells, 
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where no peptide was added. Three repeats of each MIC determination were 
performed. 

Killing assays 

5 Survival of bacteria and C. albicans upon exposure to selected peptides 

applied at their minimal inhibitory concentrations (MICs) and ten times their MICs 
was measured using standard methodology. The test organisms were grown in MHB 
and exposed to the peptides. At the specified time intervals equal aliquots were 
removed from the cultures, plated on MHB plates, and the resulting colonies were 

10 counted. Percentage survival was plotted against time on a logarithmic scale. Two 
repeats of each experiment were performed. 

Preparation of a Synthetic Antimicrobial Peptide 

Prediction of active cationic peptide sequences. 

The mature peptide sequences from Figure 3 (pleurocidin-like peptide 
sequences deduced from nucleotide sequences of genes and PGR products amplified 
from fish tissues) constituted the basis of sequence selection. 

Sequences were selected for peptides that possessed a net positive charge and 
20 had their hydrophilic and hydrophobic residues well separated spatially in models that 
were produced specifically: 

a) In order to estimate the net charge K and R were assumed to have the 
value of +1, H of +1/2, D and E of -1, and C-terminal amidation was 

25 counted as an additional +1. 

b) The EMBOSS Pepwheel and Pepnet internet tools available through an 
NRC mirror site fhttp://bioinfo.pbi.nrc.ca:8090/EMB QSS/index.htinl) 
were used to analyse the separation of hydrophilic and hydrophobic 
residues in helical wheel and helical net models. 

30 

Also, generally those peptide genes that were likely to be expressed (possessed 
promoters, were transcribed, etc.) were produced, although pseudogenes were also 
included in the panel. 

The exact start/end residues were decided upon based on several factors: 
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a) In most cases the N-terminus of the mature peptide was well-defined, 
since it followed directly the conserved signal peptide region, and 
aligned well with other mature peptides. 
5 b) Wherever a straightforward determination on the N-terminal amino 

acid was not possible, an attempt was made to preserve GW or GF at 
the N-terminus, as this is frequently encountered among cationic 
peptides. 

c) In addition, two versions of WFla (NRC-2 and NRC-3) were 

10 produced: one contained N-terminal GRRKRK, and the other did not; 

this was done because it was hypothesized that the presence of the 
highly positively charged GRRKRK would improve activity. 

d) Although in some cases the C-terminus of the mature peptide was also 
well defined, since it was followed directly by a conserved acidic 

15 propiece, significant ambiguity as to the C-terminal amino acid existed 

among many peptides. Generally, two rules were followed in deciding 
upon C-terminal amino acids: 

1. wherever glycine appeared at or near the C- 
terminus, it was considered to be a precursor for 

20 carboxy — terminus amidation; 

2. large numbers of negatively charged amino acids 
near the C-terminus were generally considered to be 
a part of the propiece and not mature active peptide 
and were not included in the sequence. 

25 Peptides produced according to the above steps are screened for antimicrobial activity 
in vitro by standard means. Those peptides showing in vitro antimicrobial activity are 
useful as antimicrobial peptides for use in vivo and for the treatment of surface, etc. 

Examples - Results 

Pleurocidins 

30 cDNA sequence 

The two clones isolated from the skin cDNA library were identical in sequence to 
each other and to the genomic PCR product WF2after introns were removed (see 
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below). They contain 356 bp and encode an open reading frame of 68 amino acids 
(Fig. 1A). There is a 5' -untranslated region of 26 bp and a 3 '-untranslated region of 
84 bp, excluding the polyA tail. A canonical polyadenylation signal AATAAA is 
found 22 bp upstream of the polyA tail. The first 22 amino acids of the open reading 

5 frame form a highly hydrophobic domain (Fig. IB) predicted to be a signal peptide 
with a cleavage site that precisely matches the amino terminus of the mature 
pleurocidin. The predicted amino acid sequence of residues 23-47 exactly matches the 
published amino acid sequence of mature pleurocidin (arrows, Fig. 1 A). The mature 
peptide can assume an amphipathic helix that contains a predominance of positively 

10 charged amino acids on one face and hydrophobic amino acids on the other (Fig. 1C). 
The carboxy-terminal 21 amino acids form a negatively charged domain that is not 
present in the mature pleurocidin, confirming the recent report of Cole et al. (2000). 

Genomic PCR 

15 Four distinct bands (WF1-4) were amplified using primers PL5' and PL3* (Fig. 

4). Sequence analysis of each product was consistent with the sizes of the bands and 
verified that each amplification product was different (Table 6). Two distinct bands 
were amplified using primers PL1 and PL2 that corresponded to WF2 and WF4 
containing additional upstream and downstream sequence (data not shown). When the 

20 intron sequences were removed, the sequence of WF2 exactly matched that of the 
pleurocidin cDNA clone isolated from the skin library (Fig. 1 A). 

Figure 4 is a depiction of the results of PCR amplification of pleurocidin-like 
sequences from winter flounder genomic DNA. Amplification products (P) were 
25 resolved on a 1 % agarose gel using the 100 bp ladder as molecular weight markers 
(M). Products visible as distinct bands are labeled WF1 (00 bp), WF2 (810 bp), WF3 
(650 bp) and WF4 (510 bp). 

All four of the pleurocidin-like genes contained two introns within the coding 
30 sequence and three of the genes showed identical intron locations (WF1, WF2 and 
WF4). However, the position of the second intron in WF3 occurred upstream of those 
of the other genes, resulting in a shorter second exon and longer third exon. The sizes 
and sequences of the introns varied among the four pleurocidin genes (Table 6). 
Evidence from the two more extensive genomic sequences of WF2 and WF4 obtained 
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using primers PL1 and PL2 indicates that a third intron immediately upstream of the 
initiation codon is also a feature of this gene family (Fig. 5). This was also noted for 
the genomic sequence reported by Cole et al (Cole, Darouiche et al. 2000). 

An alignment of the predicted amino acid sequences is shown in Fig. 6. The 
positions of the introns (indicated by vertical arrows) were determined by comparison 
with the corresponding RT-PCR and cDNA-derived sequences. The positions of the 
mature peptide were determined by comparison with the published amino acid 
sequence of pleurocidin (Cole, Weis et al. 1997). All of the predicted mature 
polypeptides could assume amphipathic oc-helical structures similar to that shown in 
Fig. 1C, although the positively charged portions were not as striking in WF1 and 
WF3 as in WF2 and WF4 (data not shown). 

Figure 5 describes extended genomic sequence of WF4 obtained by PCR using 
primers PL1/PL2. Introns are indicated in lower case and coding sequence in upper 
case The positions of the primers PL1 and PL2 used for PCR are underlined. 

Figure 6 describes Alignment of predicted polypeptide sequences of five winter 
flounder pleurocidin family members. Large vertical arrows indicate the positions 
where introns were found in the genomic sequences. The second intron of WF3, 
indicated by a small vertical arrow, is found more upstream than those of the other 
genes. The predicted polypeptide sequences of dermaseptin Bl (Amiche et al. 1994) 
and ceratotoxin B (Marchini et al. 1995) are shown below the pleurocidin family 
members. Boxed amino acids are shared by half of the sequences. 

Identification of additional pleurocidin-like sequences from different tissues 

Northern analysis was only able to detect pleurocidin transcripts in skin (data not 
shown). However, the more sensitive RT-PCR assay indicated that pleurocidin was 
also expressed in other tissues, particularly gill and gut. Using primers PL5' and 
PL3\ two bands were obtained from winter flounder skin (265 and 175 bp) and two 
from intestine (215 and 175 bp). Sequence analysis of several clones of each size 
showed that the 265 bp winter flounder skin clones corresponded to the genomic 
sequence of WF1 when intron sequences were removed (Table 7). Five of the 175 bp 
clones from skin and two of the 175 bp clones from intestine corresponded to the 



24 

SUBSTITUTE SHEET (RULE 26) 



WO 2004/018706 



PCT/CA2003/001323 



genomic sequence of WF2. This is consistent with results of northern analysis using 
the cDNA clone corresponding to the WF2 probe that showed hybridisation only to 
200-nucleotide rnRNA from the skin (data not shown). On the other hand, nine of the 
175 bp clones from intestine and four of the 175 bp clones from skin corresponded to 
5 the genomic sequence of WF3. No RT-PCR products were obtained that corresponded 
to WF4. All seven of the 215 bp intestine clones corresponded to a novel family 
member (WFla) not represented by any of the winter flounder genomic sequences 
determined in this study. 

10 Using primers specific to each of the pleurocidin-like variants reported above, as 

well as to additional pleurocidin-like variants identified on Lambda clones, we were 
able to demonstrate that different variants were expressed in different tissues (Fig. 7). 
WF2, WF3 and WFYT showed the expression in the widest distribution of tissues, 
whereas WF1 and WF4 were expressed in mainly in the gill and skin, and WFX was 

15 only expressed in the skin. Transcripts of WFla could not be detected in any tissue. 

Figure 7 describes the expression of specific pleurocidin-like genes in different 
tissues of winter flounder. Tissues were esophagus (E), pyloric stomach (PS), cardiac 
stomach (CS), pyloric caeca (PC), liver (L), spleen (SP), intestine (I), rectum (R), gill 
20 (G), brain (B) and skin (SK). Markers (M) were the 100 bp ladder. Primers were 
specific to each pleurocidin variant (Table 2) 

Identification of additional pleurocidin-like sequences from different 
developmental stages 

25 Using primers PL5' and PL2 (Table 1) from highly conserved regions of the 

pleurocidin-like peptides, low levels of transcripts were evident at 5 dph and 
increased during development (Fig. 8). Strong signals were obtained from adult skin 
and weak signals from intestinal tissue. Expression of the housekeeping gene, actin, 
was relatively constant throughout development. 

30 

Using primers specific to each of the pleurocidin-like variants reported above, as 
well as to additional pleurocidin-like variants identified on Lambda clones, it was 
demonstrated that different variants were expressed at different times during 
development (Fig. 9). WFX transcripts were only detectable at 20 dph, and WF2, 
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WF3 and WFYT were detectable in premetamorphic larvae and metamorphic 
juveniles. No expression of WF1 and WF4 was detectable at any stage of 
development. 

5 Figure 8 describes Reverse transcription-polymerase chain reaction assay of 

pleurocidin expression. Samples are from larvae (5 and 13 dph), metamorphosing 
larvae (20 dph), newly metamorphosed larvae (27 dph), juveniles (41 dph), skin from 
the lower (LS) and upper side (US) of the fish and tissue from the lower (LI) and 
upper (UI) intestine. Primers specific for pleurocidin (panel A) and actin (panel B) 

10 were used. 

Figure 9 describes Expression of specific pleurocidin-like genes during winter 
flounder larval development. Samples are from larvae (5, 9 and 15 dph), 
metamorphosing larvae (20 dph), newly metamorphosed larvae (25, 30 and 36 dph) 
15 and juveniles (41 dph). Controls using the 5' or 3' primers alone and with no template 
(NT) are also shown. Primers were specific to each pleurocidin variant (Table 2). 

Southern analysis 

Positive signals were specific to flatfish DNA using the WF1, WF2, WF3 and 
20 WF4 genomic probes (Fig. 10). No signals were detected with haddock, pollock or 
smelt DNA (data not shown). All four probes showed hybridisation to common SstI 
and BamHI bands from the DNAs of all four flatfish, indicating that the genes are 
clustered on these genomes. The sizes of the hybridising fragments from the winter 
flounder digest are given in Table 8. 

25 

Figure 10 describes Southern analysis of pleurocidin genes of winter flounder 
(WF), yellowtail flounder (YF), American plaice (AP) and Atlantic halibut (AH). 
Total genomic DNA (7.5 p,g) was digested with BamHI (B) or SstI (S) and the 
fragments resolved on a 1.0% agarose gel. The blot was hybridized successively with 
30 probes corresponding to WF1, WF2, WF3, and WF4. Markers (M) are lambda DNA 
digested with Styl (24.0, 7.7, 6.2, 3.4, 2.7, 1.9, 1.4, 0.9 Kb). 
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Identification of additional pleurocidin-like sequences from other fish species 

An alignment of the deduced amino acid sequences of pleurocidin-like 
peptides from American plaice, yellowtail flounder, witch flounder and Atlantic 
halibut is shown in Fig. 3. Sequences were obtained from genomic DNA of Petrale 
5 sole, C-O sole, English sole, starry flounder, European plaice, Greenland halibut and 
Pacific halibut. High conservation is present in the signal peptide and acidic propiece 
regions, whereas the portion corresponding to the mature peptide shows much more 
variability. 

10 Figure 3 describes Alignment of pleurocidin-like peptide sequences deduced 

from nucleotide sequences of genes and PCR products amplified from skin and/or 
intestine of the following species: winter flounder (WF), yellowtail flounder (YF), 
witch flounder (GC), American plaice (AP) and Atlantic halibut (AH). Specific non- 
limiting examples of pleurocidin-like sequences identified are shown in Table 4. 

15 Non-limiting examples of cDNA and/or genomic sequences are provided in Appendix 
L 

Identification of pleurocidin-like sequences in the winter flounder genome 

Two clones containing fragments of 12.5 and 15.6 kb, respectively, were 
20 isolated from a genomic library from winter flounder. The 12.5 kb fragment encoded 
the gene corresponding to WF2 and two pseudogenes. The 15.6 kb fragment encoded 
the gene corresponding to WF1, one pseudogene and two previously undescribed 
pleurocidin-like sequences referred to as WFX and WFYT. A schematic of the 
gene arrangement is shown in Fig. 11. Scanning of the sequences upstream of the 
25 coding sequence revealed a canonical eukaryotic promoter, TATA and CAAT boxes 
as well as highly conserved sites for several transcriptions factors including NF-IL6, 
API and a-interferon (Fig. 12). No promoter sequences were identified upstream of 
pseuodgenes. 

30 Figure 12 describes Locations of transcription factor binding sites upstream of 

pleurocidin genes and pseudogenes. Promoters are indicated by hatched boxes, introns 
by solid boxes and genes and exons by stippled boxes. 
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Prediction and assessment of antimicrobially active peptide sequences 

The minimal inhibitory concentrations of the chemically produced peptides 
against a wide range of baterial pathogens and C. albicans were determined and are 
shown in Table 9. Generally speaking many peptides showed the ability to inhibit the 

5 growth of a broad spectrum of bacterial pathogens and C. albicans. Particularly good 
examples of peptides with a broad spectrum of antimicrobial activity are the three 
peptides derived from American plaice (NRC-11, NRC-12, and NRC-13) and three 
peptides derived from witch flounder (NRC-15, NRC-16, and NRC-17). Of those, 
NRC-15, NRC-13, and NRC-12 showed ability to kill methicillin-resistant S. aureus 

10 (Fig. 13), P. aeruginosa (Fig. 14) and C. albicans (Fig. 15), respectively. 

Figure 13 describes Survival of a Gram-positive bacterium (methicillin-resistant 
Staphylococcus aureus - MRSA) upon exposure to NRC-15 at its minimal inhibitory 
concentration (MIC) and ten times its MIC. 5. aureus was grown in Mueller-Hinton 
15 broth and exposed to NRC-15 at its MIC and ten times its MIC. At the specified 
intervals equal aliquots were removed from the culture, plated on MHB plates, and 
the resulting colonies were counted. 

Figure 14 describes Survival of a Gram-negative bacterium (Pseudornonas 
20 aeruginosa) upon exposure to NRC-13 at its minimal inhibitory concentration (MIC) 
and ten times its MIC. P. aeruginosa was grown in Mueller-Hinton broth and 
exposed to NRC-13 at its MIC and ten times its MIC. At the specified intervals equal 
aliquots were removed from the culture, plated on MHB plates, and the resulting 
colonies were counted. 

25 

Figure 15 describes Survival of a yeast (Candida albicans) upon exposure to 
NRC-12 at its minimal inhibitory concentration (MIC) and ten times its MIC. C. 
albicans was grown in Mueller-Hinton broth and exposed to NRC-12 at its MIC and 
ten times its MIC. At the specified intervals equal aliquots were removed from the 
30 culture, plated on MHB plates, and the resulting colonies were counted. 

In addition to demonstrating that pleurocidin-like peptides are active against a 
wide range of bacteria as well as C. albicans, the results indicate which factors should 
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preferably be considered in selecting antimicrobially active peptides from genomic 
sequences. 

Firstly, a notable group of peptides with poor or no observed activities were 
5 peptides derived from pseudogenes (NRC-8, NRC-9, NRC-10). These results indicate 
that peptides capable of being expressed in the host organism may be better 
candidates for antimicrobials. 

Secondly, the previously described N-terminal GRRKRK in WFla (Fig. 2) 
10 proved to be a determinant of antimicrobial activity in NRC-3 as shown by the fact 
NRC-2 (identical to NRC-3 but missing the aforementioned fragment) was only 
marginally active (Table 9). This result stresses the importance of carefully selecting 
the start/end residues in the mature peptide, wherever these are not apparent in the 
original pre-pro-sequence. 

15 

Thus in an embodiment of the invention there is provided a group of 
pleurocidin-related antimicrobial peptides having the amino acid sequence GRRKRK. 
It will be appreciated that pleurocidin-like antimicrobial peptides lacking this 
sequence also exist and are specifically contemplated herein. 

20 

The previously described principles of: selecting positively charged peptides 
with good separation of hydrophilic and hydrophobic residues in helical wheel 
models, preserving GW or GF at the N-terminus, amidating the C-terminus where 
glycine was present, and cropping off clusters of acidic C-terminal amino acids were 
25 successful in selecting antimicrobially active peptides. 

Peptides of the invention can be used at a range of pH's, salt concentrations, and 
temperatures. These peptides are useful against pathogens grown in biofilms or under 
any other conditions for pathogen growth or culture. See for example Figure 25 in 
30 which the ability of NRC-13 to kill P. aeruginosa K799 in 50 mM NaCl is shown. 
NRC-13 was added to a culture of P. aeruginosa supplemented with 150 mM NaCl 
to a final concentration of 4(xg/ml (□) or 40 jig/ml (A), representing the MIC and 10X 
MIC, respetively. A control with no peptide added is also shown (♦). 
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Peptides may be used alone or in combination with one or both of their pre-and 
pro- sequences. 

( 

Peptides of the invention have many uses, including as antibacterial, antifungal, 
5 antiviral, anti-cancer, and antiparasitic agents, including in combination with other 
antibiotics, anti-infectives, and chemotherapeutants as well as with each other. 

Peptides can be used as immunomodulatory agents such as for wound healing, 
tissue regeneration, anti-sepsis, immune promoters, etc. including in combination with 
10 other agents. 

The peptides can be delivered topically (including e.g., aerosols-especially for 
respiratory tract infections in CF patients, ointments, lotions, rinses, eyewashes, etc.), 
systemically (including e.g. IV, IP, IM, subcutaneously, intracavity or transdermally) 
15 and, orally (e.g. pills, liquid medication, capsules, etc.). 

Delivery via encapsulation, including in liposomes, proteinoids is contemplated, 
° as is delivery in transgenic systems involving agricultural animals and/or plants. 

20 Peptides can be used as protective coatings on medical devices (including 

catheters, etc, food preparation machinery and packaging. 

Examples of antibiotics which can be used together with peptides disclosed 
herein in aquaculture operations include: Terramycin Aqua (oxytetracycline), Romet 
25 (sulfadimethoxine and ormetroprim), and Tribrissen (trimethoprim and sulfadiazine. 
In the hatchery, dipping in formaldehyde can be used together with peptides disclosed 
herein. Peptides can be used in combination with each other and/or in combination 
with conventional antibiotics for any of the uses described herein. 

Hepcidins 

30 Specific non-limiting examples of hepcidin sequences identified are shown in Table 
11. Examples of cDNA or genomic sequences are shown in Apendix II. 



30 

SUBSTITUTE SHEET (RULE 26) 



WO 2004/018706 



PCT/CA2003/001323 



Bacterial Challenge 

Three days post-injection, the infected Atlantic salmon were lethargic and 
anorexic. On sampling, the posterior kidneys of the injected fish were positive for A. 
salmonicida whereas those of the control fish were not. 

5 

Molecular Characterisation of Hepcidin cDNAs 

Although the winter flounder EST database contains sequences from liver, ovary, 
stomach, intestine, spleen and pyloric caecae cDNA libraries and the Atlantic salmon 
EST database contains sequences from liver, head kidney and spleen, hepcidin-like 

10 sequences were only detected in spleen and liver cDNA libraries of both fish. Four of 
135 ESTs (3.0%) in the winter flounder liver library and two of 281 ESTs (0.7%) in 
the winter flounder spleen library encoded hepcidins. Three of 982 (0.3%) ESTs in 
the Atlantic salmon liver library encoded hepcidins. Five hepcidin sequences were 
also found in subtracted spleen (1.8%) and three in subtracted liver (0.6%) Atlantic 

15 salmon cDNA libraries that were enriched in transcripts up-regulated during infection 
with Aeromonas salmonicida. Unfortunately, since these are subtracted libraries, the 
inserts are only portions of the complete transcripts. 

Analysis of the nucleotide sequences of Atlantic salmon hepcidin cDNAs 
20 revealed that one salmon EST (SL1-0412) was approximately 300 nucleotides longer 
than the other two. Furthermore, the hepcidin coding sequence was incomplete. 
Complete sequencing of this clone revealed the presence of two introns with standard 
GT/AG splice junctions (Fig. 16A). When removed, an open reading frame encoding 
a complete hepcidin-like peptide was obtained. Similarly, an incompletely spliced 
25 halibut transcript was amplified that still retained the second intron (Fig. 16B). 
Compared to mammals, the introns of salmon and probably halibut are in similar 
locations but of shorter length (Fig. 16C). In addition to these incompletely spliced 
cDNAs, we identified a winter flounder EST (WF4) that contains a large deletion 
relative to the other sequences that corresponded closely to the second exon of salmon 
30 and human hepcidin. Assuming the intron positions are conserved among vertebrates, 
this deletion could correspond to the removal of exon 2, and resulted in a peptide that 
differed from WF3a and WF3b in only five amino acid positions of the remaining 
peptide. 
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Figure 16 describes a Nucleotide sequence of unspliced liver cDNA encoding 
Type I salmonid hepcidin. Exon sequences are indicated in upper case letters and the 
deduced amino acid sequence is shown below the nucleotide sequence. The gt/ag 
intron/exon boundaries are highlighted in boldface and the polyadenylation signal 
5 (aataaa) is underlined. B. Nucleotide sequence of partially spliced cDNA from halibut 
spleen encoding Type I salmonid hepcidin. C. Comparison of intron/exon structure in 
human, mouse and salmon. Exons are represented by hatched boxes and introns by a 
single line (sizes in bp shown beneath). 

10 The deduced amino acid sequences of five different winter flounder hepcidin 

cDNAs and two different Atlantic salmon hepcidins were aligned for comparison 
purposes with those extracted from dbEST corresponding to Japanese flounder (two), 
medaka (one) and rainbow trout (one), as well as the recently reported hepcidin from 
hybrid striped bass (Shike et aL 2002) and two from Atlantic halibut (Hb 17 and Hb 
15 357). The sequences obtained from spleen and liver of Atlantic salmon (Sal2.1 and 
Sal8.6) and Atlantic halibut (Hbl.l, Hb5.3 and Hb7.5) by PCR are also included (Fig. 
17). Human hepcidin was included as a representative of the mammals. The position 
of cleavage by signal peptidase was predicted by PSORT arid the RX(K/)R motif 
typical of propeptide convertases (Nakayama 1997) was identified (vertical arrows; 
20 Fig. 17). The signal peptide sequence is 22-24 amino acids and is highly conserved 
among all of the fish sequences. The anionic propiece is 38-40 amino acids, 
depending on the particular hepcidin variant. The processed hepcidins contain 19-27 
amino acids and all are positively charged at neutral pH except WF2 (Table 10). 
Types I and m hepcidin from flatfish as well as salmon type hepcidin contain eight 
25 cysteine residues in the mature peptide, which have been proposed to form four 
disulphide bonds. Type II winter flounder hepcidin is missing two cysteine residues, 
indicating that a maximum of three disulphide bonds could form. Hb357 contains 
only five cysteine residues and is quite different from the remaining hepcidin-like 
sequences. Results of secondary structure prediction methods indicated that the 
30 consensus structure of fish hepcidins was mostly random coil, although short stretches 
of extended strand were predicted by some methods. 

Figure 17 describes Alignment of winter flounder (WF1, WF2, WF3a, WF3b, 
WF4), Atlantic halibut (Hbl.l, Hb5.3, Hb7.5, Hbl7, Hb357) and Atlantic salmon 
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(Sail, Sal2, Sal2.1, Sal8.6) hepcidins with those of Japanese flounder (JFL4, JFL6), 
medaka, hybrid striped bass and human. A partial sequence from rainbow trout 
(GenBank accession AF281354_1) is also shown. The predicted positions of signal 
peptidase and pre-protein cleavages are indicated by arrows. 

5 

From Figure 17, it is apparent that all of the flatfish-type hepcidins have very 
similar signal peptides, which differ somewhat from the salmonid type and human 
hepcidin. Other novel features identified included different groups of hepcidins based 
on (1) number of cysteines, (2) unique insertion FKC in flatfish Type IU, (3) two 
10 other locations that may contain unique insertions (4) a truncated version (Flatfish 
Type IV), (5) longer versions at the amino terminus. 

Based on the alignment, it is apparent that there are at least three different groups 
of flatfish hepcidins distinguishable by shared insertions and deletions. WF2 and JFL6 

15 (Flatfish Type IT) share a deletion of seven amino acids near the KR cleavage site 
resulting in a processed peptide of 19 amino acids, whereas WF3a, WF3b, WF4, 
Hbl.l, Hbl7, Hb5.3 and Sal8.6 (Flatfish Type TH) exhibit a deletion of only four 
* amino acids (excluding the portion corresponding to the missing exon of WF4) 
resulting in processed peptides of 22 amino acids. WF1 and JFL4 (Flatfish Type I) do 

20 not contain this deletion but do contain an insertion relative to all other reported 
hepcidins at a position adjacent to the signal peptidase cleavage site. In addition, 
WF1, bass and medaka share an insertion of one amino acid within the mature peptide 
relative to all other reported hepcidins, giving a peptide of 26-27 amino acids. WF3a 
and WF3b differ from each other by only one amino acid although they contain 

25 several silent substitutions and differences in the 5' and 3' untranslated regions. 
Hb357 represents a possible fourth class of flatfish hepcidins. The 3' untranslated 
regions of WF2 and WF1 are very different from those of the other hepcidin 
transcripts, WF2 containing a long additional portion relative to the others and 
WFlbeing shorter and less highly conserved (Fig. 18 A). 

30 

The salmonid hepcidin-like peptides fall into one group; the four reported 
sequences all share two deletions and differ from each other by four amino acids in 
the mature peptide and four amino acids in the upstream pre-protein portion. The 3' 
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untranslated regions of the salmon hepcidins are only moderately conserved (Fig. 
18B). 

Figure 18 describes Alignment of 3' untranslated regions of (A) winter flounder 
5 (WF1, WF2, WF3a, WF3b, WF4) and (B) Atlantic salmon (Sail, Sal2) hepcidin 
cDNAs. Conserved nucleotides are boxed. The positions of the primers used to 
amplify hepcidin homologs from halibut and salmon are indicated by arrows. 

Genomic Organisation of Winter Flounder Hepcidin Genes 

10 Southern hybridization analysis of genomic DNA from a wide variety of fish 

with a probe corresponding to Type I hepcidin identified bands in all flatfish tested 
but none of the other fish species (Fig. 19). In winter flounder, two fragments of 4.3 
and 4.5 kb hybridized with the probe. Two fragments of yellowtail flounder of 
identical size hybridized (4.3 kb) and two fragments of witch flounder genomic DNA 

15 also hybridized (4.3 and 20 kb), whereas only one fragment (4.3 kb) of the American 
plaice and one fragment (5.5kb) of the Japanese flounder genomic DNA hybridized. 

Figure 19 describes Southern hybridization analysis of hepcidin in different fish 
species. SstI digests of genomic DNA (7.5 jLig) from hagfish (Hg), shark (Sh), white 
20 sturgeon (St), winter flounder (WF), yellowtail flounder (YF), American plaice (AP), 
witch flounder (Wi), Japanese flounder (JF), Atlantic salmon (AS), smelt (Sm) and 
haddock (Hd) were hybridized with Type I hepcidin from winter flounder. Size 
markers (M) are Lambda DNA digested with Styl. 

25 Identification of Hepcidin-Iike sequences by RT-PCR 

Figure 2 describes amplification of hepcidin cDNAs from halibut and salmon 
liver and spleen. RNA was prepared from tissues of fish infected with a bacterial 
pathogen to induce expression of antimicrobial peptide genes, reverse-transcribed and 
subjected to PCR using the primers listed below. Actin was run as a control to show 
30 expression of a house-keeping gene. The labelling on the figure is as follows: HL - 
halibut liver; SL - salmon liver; HS - halibut spleen; SS - salmon spleen; M - 
markers. For the primers 5TJ is the Universal 5 ! primer used in all reactions, Sal is He 
Sal (below) and WF is HcPA3b (below). 
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HepUniversal 5': AAGATGAAGACATTCAGTGTTGCA 
HcPA3 3B2: GTTGTTGGAGCAGGAATCC 
He Sal: TGCTGGCAGGTCCTCAGAATTTGC 

5 The results of RT-PCR assays of tissue-specific expression of the three winter 

flounder hepcidins are shown in Fig. 20. Type I hepcidin was abundantly expressed in 
the liver and, to a lesser extent, in the cardiac stomach. Type II hepcidin could not be 
detected in any tissues, whereas Type III hepcidin was moderately expressed in the 
esophagus, cardiac stomach, and liver. 

10 

In uninfected Atlantic salmon, Type I hepcidin was expressed at quite high levels 
in the liver, blood and muscle, at low levels in gill and skin, and at barely detectable 
levels in anterior and posterior kidney (Fig. 21A, Table 10). Type H hepcidin was 
expressed at barely detectable levels in the gill and skin only (Fig. 21B). However, 
15 fish infected with Aeromonas salmonicida showed expression of both types of 
hepcidin in most tissues tested (see below). 

RT-PCR analysis of hepcidin gene expression in winter flounder larvae of different 
ages is shown in Fig. 22. Transcripts of Type II hepcidins could not be detected at any 

20 stage of development, whereas Type I and Type m hepcidins were detectable in pre- 
metamorphic larvae. Type I hepcidin was more abundantly expressed than Type II 
hepcidin and was also expressed at an earlier time (5 dph vs. 9 dph.). 

Figure 20 describes Reverse transcription-PCR assay of hepcidin and actin gene 
expression in different tissues of winter flounder. Amplification products from adult 

25 winter flounder were amplified using gene-specific primers for Flatfish Type I (panel 
A), Type II (panel B) and Type III (panel C) hepcidins and for actin (310 bp) and 
resolved by electrophoresis on a 2% agarose gel. Markers (M) are the 100 bp ladder 
(BRL) 

30 Figure 21 describes Reverse transcription-PCR assay of hepcidin and actin gene 

expression in different tissues of control Atlantic salmon (C) and those infected with 
Aeromonas salmonicida (I). Amplification products from reactions using gene- 
specific primers for Salmonid Type I (panel A) and Type H (panel B) hepcidins (163 
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bp) and for actin (400 bp) were resolved by electrophoresis on a 2% agarose gel. 
Markers (M) are the 100 bp ladder (BRL). 

Figure 22 describes Reverse transcription-PCR assay of hepcidin and actin 
5 expression in developing winter flounder larvae. Samples were larvae at 5 dph (lane 
1), 12 dph (lane 2), 19 dph (lane 3), 27 dph (lane 4), 41 dph (lane 5) and adult (lane 
6). Amplification products from reactions using gene-specific primers for Flatfish 
Type I (panel A), Type II (panel B) and Type m (panel C) hepcidins and for actin 
(400 bp) were resolved by electrophoresis on a 2% agarose gel using a 100 bp ladder 
10 (Pharmacia) as markers (lane M). 

Identification of additional hepcidin-like sequences from other fish species 

15 Using a primer based on highly conserved sequences in the signal peptide of 

all reported hepcidins (Hep Universal 5') in combination with primers based on 
highly conserved sequences in the 3' UTR of salmon (HcSal 3') and flatfish (HcPA3b 
3'), it was possible to amplify hepcidin-like sequences from the liver and spleen of 
halibut and salmon (Fig. 2). An alignment of the deduced amino acid sequences of 

20 hepcidin-like peptides from winter flounder, Atlantic halibut and Atlantic salmon is 
shown in Fig. 17. Interestingly, flatfish-type hepcidin could be amplified from salmon 
(S8.6) and salmon-type hepcidin could also be amplified from a flatfish (Hb7.5). 
Additonal sequences were obtained from genomic DNA of Petrale sole, C-O sole, 
English sole, starry flounder, European plaice, Greenland halibut and Pacific halibut. 

25 

Figure 17 depicts an alignment of certain winter flounder (WF1, WF2, WF3a, 
WF3b, WF4) Atlantic halibut (Hbl.l, Hb5.3, Hb7.5, Hbl7, Hb357) and Atlantic 
salmon (Sail, Sal2, Sal2.1, Sal8.6) hepcidins with those of Japanese flounder (JFL4, 
JFL6, medaka, hybrid striped bass and human. A partial sequence from rainbow trout 
30 (Genbank Accession AF281354_1) is also shown. The predicted positions of signal 
peptidase and pre-protein cleavages are indicated by arrows. 
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DISCUSSION 

Pleurocidins 

Most antimicrobial peptides, including cecropins and dermaseptins, are 
encoded by multigene families that have probably arisen by sequential gene 

5 duplications. We have demonstrated that the winter flounder, and probably other 
flatfish, possess a gene family encoding antimicrobial compounds similar to 
pleurocidin. Comparison of the genomic amplification products obtained using PL1/2 
with the cDNA sequence (Fig. 1 A) showed that WF2 and WF4 contain three introns, 
the first of which occurs only 1 bp upstream from the initiator methionine. The second 

10 and third introns both occur within the mature peptide. The genes for GLa, xenopsin, 
levitide and caerulein - all skin peptides from Xenopus laevis - also contain an intron 
1 bp upstream from the initiator methionine (Kuchler et al 1989). The intron positions 
are conserved in all but WF3 (Fig. 6), but they differ dramatically in size (Table 5), 
indicating that a considerable period of evolutionary time has elapsed since the 

15 duplication events occurred, or that the intron sequences are relatively free to drift. 

Southern analysis shows that WF1-4 probes hybridise to other flatfish DNAs,* 
including yellowtail flounder, Atlantic halibut and American plaice, but not to 
haddock, smelt or pollock. This hybridisation could be due to the highly conserved 

20 signal sequence and anionic portion which we have shown to be conserved in 
sequences isolated from these flatfish. Flatfish may provide a rich reservoir of 
potential therapeutants for the aquaculture industry. The probes for the different 
pleurocidin family members often recognise the same restriction fragments in winter 
flounder DNA, indicating that they may be clustered at a single locus on the genome. 

25 Complete sequencing of two Lambda clones hybridizing to pleurocidin confirms that 
such clustering does in fact occur (Fig. 11). Clustering of antimicrobial peptide genes 
has also been noted for insect cecropins (Gudmundson et al. 1991) and apidaecins 
(Casteels-Jossen et al. 1993), among others. 

30 Figure 1 1 describes an embodiment of a Schematic of genomic organization of 

pleurocidin-like genes and pseudogenes (\|/) from winter flounder. Introns are 
represented by solid boxes and exons by stippled boxes. 
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All of the members of the pleurocidin family are encoded as 
prepropolypeptides consisting of an ammo-terminal signal sequence followed by the 
active peptide and ending with an acidic portion. The deduced amino acid sequences 

5 of the signal and acidic sequences are very highly conserved whereas those of the 
predicted mature antimicrobial peptides are more variable (Fig. 6). All, however, 
appear to fold into amphipathic oc-helices. This sequence conservation has allowed us 
to use a genomic approach to identify many different members of the pleurocidin 
gene family, not only from winter flounder but also from a variety of other flatfish 

10 (Fig. 3, Table 4, Appendix I). 

The structure of the pleurocidin prepro polypeptides bears certain 
resemblances to the frog dermaseptin precursors, which also contain a signal sequence 
of similar length (22 amino acids) and an acidic portion of 16-25 amino acids. From 

15 the full-length cDNA clone (Fig. 1A), the acidic portion of pleurocidin was shown to 
contain 21 residues. A major difference between the pleurocidin and dermaseptin 
prepolypeptides is the position of the acidic portion - downstream of the mature 
peptide in pleurocidin arid upstream df the mature peptide in dermaseptins. The acidic 
proparts of defensins have been proposed to prevent interaction of the antimicrobial 

20 peptide with the membrane by neutralising the cationic charges (Valore et al. 1996) 
and this may also be its function in pleurocidin. This feature can be of practical 
significance for delivering peptides that are inactive until specifically cleaved. 

The signal sequences and acidic carboxy-terminal sequences of the 
25 pleurocidin family members are extremely highly conserved. The former, and 
possibly the latter, are presumed to target the precursor molecules to the cell 
membrane for secretion. Gene families for antimicrobial peptides that contain highly 
conserved signal peptides (often encoded by the first exon) followed by end products 
with different biological activities have been described from the dermaseptin family 
30 (Valore et al. 1996) and the GLa, xenopsin, levitide and caerulein, all of which are 
skin peptides from Xenopus laevis (Kuchler et al. 1989). These authors proposed that 
this modular gene structure allows targeting for secretion to be achieved for markedly 
different peptides using a common pathway. In the pleurocidin gene family, a 
modular structure is also present with exon 2 encoding the signal sequence and first 
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half of the antimicrobial peptide, exon 3 encoding the next ten amino acids of the 
antimicrobial peptide, and exon 4 encoding the last three amino acids of the 
antimicrobial peptide and the acidic carboxy terminus. 

5 The mature peptides encoded by WF2 and WF4 are 60% identical to each 

other (Fig. 6) and somewhat less similar to dermaseptin Bl and ceratotoxin B (Cole et 
al. 1997). WF1 is 64% identical to WFla but contains a remarkably cationic stretch of 
18 amino acids between the signal sequence and the mature peptide that is not present 
in WFla. Whether or not this potentially antimicrobial 18-mer peptide arises when 

10 pleurocidin WF1 processing occurs remains to be determined. Both WF1 and WFla 
contain an additional 10-11 amino acids relative WF2, WF3 and WF4 between the 
mature peptide and the acidic carboxy terminus. WF3 shares similarities with both 
WF2/4 and WFl/la. Synthetic pleurocidin identical to the central portion of WF2 has 
been shown to protect Coho salmon against infection by Vibrio anguillarum, as have 

15 hybrid peptides based on pleurocidin, dermaseptin and ceratotoxin (Jia et al. 2000). 

The tissue-specific expression of the pleurocidin genes was assessed using 
northern blot analysis and RT-PCR. Northern analysis proved to be not sufficiently 
sensitive for detecting the low level of transcripts present in winter flounder mRNA. 
Transcripts were present only in skin in sufficient quantities to be detected by this 

20 method, so the more sensitive RT-PCR assay was used. Pleurocidin transcripts were 
found in both skin and intestine using this method, in agreement with the recently 
reported ultrastructural localisation of pleurocidin in these tissues (Cole, Darouiche et 
al. 2000) and supporting the role of pleurocidin in mucosal immunity. The transcript 
size (approximately 200 bp) is consistent with the size of products obtained by RT- 

25 PCR (Table 7), showing that the pleurocidin genes are transcribed separately. 

RT-PCR analysis showed that the genes for the different pleurocidin-like 
peptides are expressed in a tissue-specific manner with WF2 being expressed 
predominantly in the skin and gill and to a lesser extent in the muscle, intestine, 
30 stomach and liver whereas WF1 and WF4 are detected predominantly in the gill and 
skin (Fig. 7). WF3 and WFYT are expressed in most of the tissues sampled, WFX is 
detected solely in the skin and WFla was not expressed in any of the tissues sampled. 
Possibly, the different antimicrobial peptides are required to control the growth of 
different bacterial populations in the two tissues. Since no RT-PCR products were 
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detected for WF4, it is possible that this gene is expressed only at low levels in adult 
skin or intestine or that it is expressed at a different life stage or in a different tissue. 

Using primers that did not discriminate between the transcripts of the various 
5 pleurocidin-like genes, expression was first detected at 5 dph and showed a 
progressive increase towards adulthood. However, recent experiments using primers 
specific for WF1, WFla, WF2, WF3, WF4 , WFX and WFYT, transcripts were 
detected at different developmental stages (Fig. 9). WFX was only detectable at 20 
dph, whereas WFYT, WF3 and WF2 were detectable at 5 dph and at higher levels 
10 between 25-36 dph. Interestingly, WF1 was not detectable at any larval stage and may 
only be expressed under specific environmental conditions in response to specific 
bacterial pathogens, as has been shown for Drosophila (Rivas and Ganz 1999). This is 
the first demonstration of developmental expression of an antimicrobial peptide in 
fish and shows that at least this component of innate immunity is present in early 
15 larval stages of winter flounder. Larval mortality prior to metamorphosis is of great 
concern and although the reasons for such mortality are not yet known, high bacterial 
load in the gut has been proposed (Padros, Minkoff et al. 1993). Tlie adaptive immune 
systems of flatfish have been shown to develop later than those of other teleosts 
(Padros, Sala et al. 1991). Thus, the ability of larvae to produce antimicrobial peptides 
20 during this period may be crucial to survival, and the identification of factors that 
increase the production of such compounds would be of great benefit to 
aquaculturalists. 

These results of testing synthetic peptides against a variety of bacterial 
25 pathogens as well as the fungal pathogen, Candida albicans, show promising 
candidates with broad-spectrum antimicrobial activities. Of particular interest is the 
ability of the peptides NRC-13 and NRC-15 to inhibit the growth of methicillin- 
resistant S. aureus at concentrations as low as 4 jxg/ml. NRC-13 is also capable of 
inhibiting the growth of C. albicans at 4 Kig/ml, P. aeruginosa at 1 Hg/ml (and killing 
30 P. aeruginosa at this concentration), and A. salmonicida at 2 p.g/ml. This means that 
NRC-13 is highly active against a fish pathogen, a Gram-negative human bacterium, a 
drug-resistant Gram-positive human bacterium, and a yeast. The example of NRC-13 
demonstrates the range of potential targets and applications for cationic antimicrobial 
peptides. 
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These results also validate the process we used for selecting antimicrobially 
active peptides from a large amount of sequence data. The ability to accurately predict 
which peptides are likely to be active is a crucial link between genomics and 
5 therapeutics. While much work remains to be done in this area, we have clearly 
demonstrated that judicious application of the principles described earlier will aid in 
selecting active peptides. 

Thus, a variety of cDNA and genomic sequences encoding the precursors of 
10 antimicrobial peptides identical to or similar to pleurocidin from a variety of flatfish 
species have been isolated. Northern hybridisation and sequence analysis of RT-PCR 
products showed that expression was tissue-specific. Most importandy, the timing of 
expression of different pleurocidin variants in developing larval winter flounder was 
determined, allowing an estimate of the onset of the innate immune system in this 
15 fish. These assays of pleurocidin expression are useful in directing the screening 
strategy for isolating novel peptide sequences expressed during specific tissues and/or 
developmental stages. Environmental parameters affecting the production of 
pleurocidin can also be assayed. *" ^ s 

20 This work paves the way to further studies aimed at the over-expression of 

pleurocidin as a therapeutant for aquacultured fish and the production of disease- 
resistant fish through transgenic technology as has been demonstrated in transgenic 
tobacco expressing antimicrobial peptides (Jach et al. 1995) and proposed for fish (Jia 
et al. 2000). Furthermore, because many fish live in a saline environment, the 

25 properties of their antimicrobial peptides may be different from those produced by 
terrestrial animals and have application in unique situations. For instance, the 
pulmonary mucosa of patients with cystic fibrosis contain elevated NaCl 
concentrations, which inhibit the natural cationic peptides secreted by the lung 
(Goldman et al. 1997). Salt-adapted cationic peptides from marine fish may have 

30 application in the treatment of lung infections in these patients. 
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Hepcidins 

Sequence analysis of one salmon EST (SL1-0412) and one halibut clone 
(Hb7.5), revealed the presence of unspliced transcripts and allowed the positions of 
some of the introns to be determined (Fig. 16). Similar to mouse, human and hybrid 

5 striped bass, the salmon hepcidin is composed of three exons and two introns (Park, 
Valore et al. 2001; Shike et aL 2002; Pigeon, flyin et al. 2001). The position of the 
first intron of salmon and bass are identical and correspond to a position two amino 
acids 5' to those of mouse and human. However, the second salmon intron and the 
second halibut intron of Hb7.5 correspond to a position two amino acids 3' to those of 

10 mouse and human and several amino acids 5' to that of the bass. This is probably due 
to "intron sliding" whereby the positions of introns have shifted by several 
nucleotides over the course of evolution. Interestingly, the deletion in WF4 
corresponds precisely to the position of the first salmon intron and the second 
mouse/human intron, indicating an intermediate intron/exon structure. 

15 

Mouse contains two hepcidin genes that are clustered on the genome 

p - . • 

(Pigeon, Ilyin et al. 2001) but in human (Park, Valore et al. 2001) and striped bass c 
(Shike et al. 2002) only one hepcidin gene has been identified. Although the number 
of hepcidin genes in winter flounder and Atlantic salmon remains to be determined, 

20 there are at least five in winter flounder, five in Atlantic halibut and four in Atlantic 
salmon. Since there are no SstI sites within the hepcidin probe used in the Southern 
hybridization analysis, it is highly probable that the five winter flounder hepcidin 
genes reported here are clustered on two genomic fragments. Multiple genes for 
pleurocidin also exist (Douglas, Gallant et al. 2001) and are clustered on the genome 

25 (Fig. 11). Interestingly, all of the small flounders tested from the Atlantic exhibited a 
similar hybridizing band of 4.3 kb, indicating that they share similarity at the genomic 
level. Japanese flounder, found in the Pacific, exhibited a single hybridizing band of 
5.5 kb. 

30 The deduced amino acid sequences of the fish prepro-hepcidins can be aligned 

with those from mammals throughout their length but only show high similarity in the 
portion corresponding to the processed peptides (Fig. 17). However, within the fish, 
the signal peptide and the propiece are also very highly conserved. Conservation of 



42 

SUBSTITUTE SHEET (RULE 26) 



WO 2004/018706 



PCT/CA2003/001323 



these segments has also been noted in the pleurocidin family (Douglas, Gallant et al. 
2001). The ammo-termini of the processed peptides were assigned based on the amino 
acid sequence of human hepcidin (Krause, Neitz et al. 2000; Park, Valore et al. 2001) 
and the proximity to the RX(K/R)R motif characteristic of processing sites 
5 (Nakayama 1997). The molecular weights of the processed hepcidins from winter 
flounder and Atlantic salmon range from 1992 Da (WF2) to 3066 (WF1), comparable 
to hepcidins isolated from mouse, human and bass. With the exception of WF2, which 
has an acidic pi (5.54), the pis of hepcidins are between 7.73 and 8.76. 

Like pleurocidins, the amino acid sequences of the hepcidin variants are 
highly similar within species, suggesting relatively recent duplication of an ancestral 
gene. It is possible that the aquatic environment in which fish live necessitates the 
existence of a more diverse suite of antimicrobial peptides than in terrestrial 
mammals. In addition, this component of the innate immune system plays a more 
major role in fish than in mammals, which have a more highly evolved adaptive 
immune system. 

• * V . ' . •'. ..." 

The human hepcidin molecule has been proposed to form a secondary 
structure containing a series of P-turns, loops and distorted P-sheets (Park, Valore et 
al. 2001). Consensus secondary structure prediction of fish hepcidins show that they 
contain mostly random coil structure with some extended strand structure. With the 
exception of WF2, JFL6 and Hb357, all hepcidins reported thus far contain eight 
cysteine residues which are proposed to form four disulphide bonds (Krause, Neitz et 
al. 2000; Park, Valore et al. 2001) in the following linkage pattern: 1-4, 2-8, 3-7, 5-6 
(Park, Valore et al. 2001). The loss of cysteine residues 1 and 3 from WF2 suggests 
that at least one disulphide bond cannot form. 

Using gene-specific primers, we were able to demonstrate that different 
hepcidin genes are expressed in different tissues of both winter flounder (Fig. 20) and 
30 Atlantic salmon (Fig. 21). In Atlantic salmon, hepcidin was detectable in normal 
uninfected fish predominantly in liver, blood and muscle (Type I) and to a lesser 
extent in gill and skin (both types). This is consistent with the presence of three ESTs 
for Type I hepcidin in cDNA libraries constructed from uninfected livers, and the 
absence of ESTs for Type II hepcidin in cDNA libraries constructed from uninfected 
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liver, spleen and head kidney. Type II hepcidin expression appears be confined to 
external epithelial surfaces in contact with the aqueous environment, whereas Type I 
hepcidin expression is more widespread, being expressed in liver, blood and muscle 
as well as external epithelial surfaces. In uninfected winter flounder, no transcripts of 
5 Type II hepcidin could be detected in any tissue but transcripts of Types I and III 
hepcidin were present in the liver and cardiac stomach. Type m hepcidin transcripts 
were also present in the esophagus. 

Mouse hepcidin was also reported to be predominantly expressed in liver, and 

10 weakly in stomach, intestine, colon, lungs, heart and thymus by Northern analysis 
using one of the mouse hepcidin sequences as probe (Pigeon, Ilyin et al. 2001). 
However, this study did not discriminate between the two hepcidin genes and it is not 
known whether or not the two mouse genes are differentially expressed in tissues of 
mouse. Similarly, dot-blot analysis of human tissues and cell lines using the human 

15 hepcidin cDNA as probe revealed strong expression in adult and fetal liver and 
weaker expression in adult heart, fetal heart and adult spinal cord (Pigeon, Ilyin et al. 
200^. An earlier study using RealTime quantitative RT-PCR (Krause, Neitz et al. 
2000) revealed strong expression of hepcidin in human liver, heart and brain aiid 
weak expression in a variety of other tissues. Interestingly, we could not detect either 

20 Type I or Type II hepcidin expression in the brain of normal Atlantic salmon or 
winter flounder, or heart of normal Atlantic salmon. However, in infected animals, 
Type II hepcidin was expressed in both tissues, indicating that this form is the 
predominant one produced under conditions of stress. 

It is intriguing that we detected transcripts of Type I hepcidin that were 

25 constitutively expressed in blood cells of Atlantic salmon. Constitutively expressed 
non-enzymic antimicrobial molecules have been reported only rarely in blood of fish; 
a small hydrophobic cationic peptide was found in mucus of rainbow trout (Smith et 
al., 2000) and moronecidin, an antimicrobial peptide from bass, was expressed in 
blood of uninfected animals (Lauth et al. 2002). Interestingly, expression of neither 

30 hepcidin increased in blood of infected salmon relative to the uninfected control 
animals. Possibly, hepcidin is fulfilling a role in iron homeostasis in control animals 
as well as an antimicrobial role. Its presence in circulating blood cells of uninfected 
animals may be a precautionary measure against impending infection. 
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Type I and II hepcidins from Atlantic salmon were up-regulated during 
infection with Aeromonas salmonicida, but to different extents in various tissues. 
While Type I hepcidin was noticeably up-regulated in the esophagus, stomach, 
pyloric caecae, liver, spleen, intestine, posterior kidney, rectum and muscle and to a 

5 lesser extent in anterior kidney and skin, Type II hepcidin showed a more dramatic 
increase in stomach, pyloric caecae, liver, spleen, intestine, brain, heart and muscle. 
Weaker up-regulation was present in esophagus, anterior and posterior kidney, skin 
and rectum. These results are consistent with those reported for bacterially challenged 
hybrid striped bass where up-regulation was most dramatic in liver, but was also 

10 demonstrated in skin, gill, intestine, spleen, anterior kidney and blood (Shike et al. 
2002). It is not known whether there are multiple hepcidins in hybrid striped bass and, 
if so, whether they are differentially expressed as in Atiantic salmon and winter 
flounder. 

15 Studies with mice have shown a 4.3-fold increase in hepcidin expression in 

livers of mice injected with LPS and a 7-fold increase in primary hepatocytes exposed 
to LPS (Pigeon, Hyin et al. 2001). These studies were based on Northern analysis 
using only one of tlie mouse hepcidin sequences as probe, and were therefore unable, 
to distinguish possible differential expression of the two mouse variants. Similar 

20 increases were noted in livers of mice subjected to iron overload, but not for primary 
hepatocytes exposed to iron citrate, possibly due to the differentiation status of the 
cultured hepatocytes. The fact that both iron overload and LPS exposure increase 
hepcidin expression indicates the importance of these two factors in the host response 
to pathogens. 

25 

During infection, iron is removed from the system by various mechanisms so 
that it is unavailable for use by invading pathogens. It has been proposed that recently 
discovered transferrin receptor2 mediates iron uptake by hepatocytes and increases 
their expression of hepcidin (Fleming and Sly 2001; Nicolas, Bennoun et al. 2001). 
30 Hepcidin, in turn, increases iron accumulation in macrophages and increases dietary 
iron absorption in duodenal crypt cells via |52 microglobulin, HFE and transferrin 
receptor 1. These crypt cells differentiate into enterocytes with reduced amounts of 
iron transport proteins, thereby decreasing dietary iron uptake. Hepcidin thus appears 
to play a crucial role in iron homeostasis during inflammation as well as acting as an 
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antimicrobial peptide. It is also possible that hepcidin could modulate expression of 
liver-derived acute phase proteins and exhibit synergistic effects with other 
components of the immune system. 

5 Antimicrobial peptides have been shown to modulate gene expression in 

mouse macrophages (Scott, Rosenberger et al. 2000), and it is possible that they may 
exert similar effects in fish macrophages or hepatocytes. The presence of a functional 
nuclear localization signal (four K/R residues in a row) within prohepcidin of mouse 
and human indicates that hepcidin could act as a signaling molecule involved in 

10 maintenance of iron homeostasis in these organisms (Pigeon, Ilyin et al. 2001). 
Interestingly, the nuclear localization signal also contains the recognition signal for 
processing of prohepcidin, indicating that nuclear localization would occur only prior 
to removal of the propiece, or that the propiece itself is localized to the nucleus. 
Teleost hepcidins contain only 3 out of 4 K/R residues, which may not be sufficient 

15 for nuclear localization; a role for hepcidin in intracellular signaling awaits testing 
with synthetic or in vifro-expressed peptide. 

, In conclusion, the sequences of new hepcidin-like peptides from different fish 
species and the presence of related sequences in several flatfish species by Southern 

20 hybridization have been determined. Furthermore, it has been shown that the various 
types of fish hepcidins are differentially expressed in a tissue-specific manner in 
normal fish, as a result of bacterial infection, and during larval development, thus 
providing a strategy for identifying additional sequences for novel peptides. 
Apparently in fish, different tissues produce hepcidins in a constitutive or inducible 

25 manner, indicating that hepcidin variants may have different functions under different 
circumstances. Given their role in iron homeostasis in mammals, it is possible that 
fish hepcidin variants may fulfill this role as well as that of killing specific pathogens. 
In vitro expression of hepcidin variants will allow their spectrum of antimicrobial 
activity to be determined as well as their effect on the innate immune response. 

30 Thus, there has been provided a method for identifying potential antimicrobial 

peptides. 
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gene expression in different tissues and at different stages of development of winter 
flounder 

Table 3. Nucleotide sequences of primers used in RT-PCR assays to analyse hepcidin 
gene expression. The amino acid sequence on which the 5' primer was based is 
10 shown. The 3' primers were within the 3' untranslated region (3' UTR). The 

annealing temperatures used in the PCR reactions and the sizes of the amplification 
products are listed. 
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expression data 
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Table 1 . Nucleotide sequences of oligonucleotides used for isolating pleurocidin-like 


sequences 




Primer Amino Acid 


Nucleotide Sequence (5' 3') 


Sequence 




Screening cDNA library 




PleuroA FFKKAAHVGKH 


TTCTTCAAGAAGGCYGCYCAYGT[C/G]GG 




[C/A]AAGCA 


PleuroB HVGKAALTHYL 1 


CAYGT[C/G]GG[C/A]AAGGCYGCYCT[C/G] 




AA[C/T/A]CAYTACCT 


Genomic PCR and RT-PCR 




PL1 5' untranslated 


GCCCACTTTGTATTCGCAAG 


PL2 3' untranslated 


CTGAAGGCTCCTTOAAQataL/la 


PL5' MKFTATF 


ATGAAGTTCACTGCCACCTTC 


PL3' KRAVDE 1 


TCATCGACTGCGCGCTT 


'complement 






* • 
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Table 2. Nucleotide sequences of oligonucleotides used for assay of pleurocidin-like 
gene expression in different tissues and at different stages of development of winter 
flounder 



Gene 



Primer 



Amino Acid Nucleotide Sequence (5' 3') 
Sequence . 



WF1 

WFla 

WF2 

WF3 

WF4 

WFYT 

WFX 



RTWF1 

RTWF1/3' 

RTWFla 

RTWFla/3' 

RTWF2 

PL2 

RTWF3 

RTWF3/3' 

RTWF4 

PL2 

RTWFYT 
RTWFYT/3' 
RTWFX 
RTWFX/3' 



KGRWLER 

YQEGEE 1 

RKRKWLR 

YQEGEE 1 

KAAHVG 

3' untranslated 

FLGALIK 

YDEQQE 1 

HGRHAA 

3' untranslated 

GFLFHG 

SFDDNP' 

RSTEDI 

DDDDSP' 



AAGGGCAGGTGGTTGGAAAGG 

CCCTCCCCCTCCTGGTA 

CGTAAGAGAAAGTGGTTGAGA 

CCCTCCCCCTCCTGGTA 

AAGGCTGCTCACGTTGGC 

CTGAAGGCTCCTTCAAGGCG 

TTCTTAGGAGCCCTTATCAAA 

CTCCTGCTGCTCGTCATA 

CATGGTCGTCATGCTGCC 

CTGAAGGCTCCTTCAAGGCG 

GGGATTTCTTTTTCATGG 

GGGTTGTCATCGAATGAG 

CGTTCTACAGAGGACATC 

GGGGCTGTCATCATCATC 
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Table 3. Nucleotide sequences of primers used in RT-PCR assays to analyse 
hepcidin gene expression. The amino acid sequence on which the 5' primer was 
based is shown. The 3' primers were within the 3* untranslated region (3' UTR). The 
annealing temperatures used in the PCR reactions and the sizes of the amplification 
products are listed. 



Type 


Primer 
Product 


Amino acid 


Nucleotide sequence Annealing 


(size) 




aequence 


(5'=^3') temperature . size 


(bp) 










Wini€r jiuuriuer 

Typel 


HcPA1 5' 
137 

HcPA1b3* 


WMENPT 
3'UTR 


i 

TGGATGGAGAATCCCACC 
GTGAGGTTGTGTTGCGGG 


50°C 


Type II 


HcPA2 5' 


GMMPNN 


GGGATGATGCCAAACAAC 


50°C 




180 

HcPA2b 3' 


3'UT^ 


ACTTGGACTATGGGCTGAG 




Type III 


HcPA3 5' 


WMMPNN 


Trin ATrs ATf^nn AT AHA AC 


50°C 




118 

HcPA3b 3' 


3'UTR 


GTTGTTGGAGCAGGAATCC 




Actin 


ActF (WF) 
312 

ActR (WF)* 


AALVVD 

\ ft 1 TCA O* 

VLLTcAP 


TCGCTGCCCTCGTTGTTGAC 
GGAGCCTCGGTCAGCAGGA 


■ k ' 

50°C 




ActinFI 


V/CDCIW 

Vrrolv 


GTGTTCCATCCATCGTC 


50°C 




194 

Actin R1 


HTFYNEL 


GAGCTCGTTGTAGAAGGTGT 




Atlantic salmon 

Type 1 HCSS 5* 
163 

Hep Liv R 


MHLPEP 
3'UTR 


ATGCATCTGCCGGAGCCT 
CATTGCAAACATGTACAAACTAG 


55°C 


Type II 


Hep Sp F 
163 

Hep Sp R 


MNLPMH 
3'UTR 


ATGAATCTGCCGATGCA 
GGGCAAATTAAAGGCG 


52°C 


Actin 


Act400F 


IVGRPRHQ 


TCGTCGGTCGTCCCAGGCATCAG 52°C 




400 

Act400R 


GYALPHAI 


ATGGCGTGGGGCAGAGCGTAACC 



* complement 
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Table 5. Sizes of introns (in bp) in genomic sequences amplified using primers PL5' 
andPL3' 



Gene 


Exon 1 
Total 


Intron 1 


Exon 2 


Intron 2 


Exon3 




WF1 


154 


539 


31 


95 


82 


901 


WFla 1 


103 


? 


31 


? 


82 


? 


WF2 2 


100 


525 


31 


108 


49 


813 


WF3 


100 


374 


19 


97 


64 


654 


WF4 2 


100 


230 


31 


101 


49 





511 

'Intron sizes could not be determined as this sequence is only represented by an RT- 
PCR product 

Sequences were also amplified using primer PL1 and PL2 



Table 6. RT-PCR products from skin and intestine corresponding to different 


pleurocidin genes 






Skin 


Intestine 


Size 


Band 






4 


n/d 1 


265bp 


WF1 






5 


2 


175bp 


WF2 






4 


9 


175bp 


WF3 






n/d 1 


n/d 1 




WF4 






n/d 1 


7 


215bp n/d 2 


'not detected 






2 not detected by genomic PCR (corresponds to WFla) 
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Table 7. Sizes of bands (in kb) hybridising to 
pleurocidin probes in BamHL and Sstl digests of winter 
flounder DNA 



Probe BarriHl Sstl 



WF1 >24, 6 19, 17, 4.5, 4.4, 3.0, 2.9, 2.2, 1.3, 
x 

WF2 6 19, 17,4.5,4.4,2.9, x 1.3, 
x 

WF3 >24 19, 17,4.5, x 2.9, x 2.2, 1.3, x 

WF4 17.6 19.17.4.5.4.4.2.9.x 2.2.1.3.1.2 
x=no hybridising band evident 
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Table 9. Characteristics of winter flounder and Atlantic salmon hepcidin-like 
peptides 





Total 


Total 


Molecular 




Name 


Amino Acids 


Cysteines 


Weignt 


P A 


WF1 


27 
8.75 


8 


O f\ f ST 

3066 




WF2 


19 


6 


1992 


CA 

5.54 


WF3 


22 


8 


Art /fT 

2367 


8.74 


WF4 


22 


8 


2256 


8.52 


Hb5.3 


22 


8 


2363 


8.75 


Sal8.6 


22 


8 


2331 


8.76 


Hbl7 


22 


8 


2391 


8.76 


Hbl.l 


22 


8 


2391 


8.76 


Hb357 


22 


5 


2397 


7.84 


Hb7.5 


25 


8 


2881 


8.53 


Sal2.1 


25 


7 


2925 


8.60 


Sail 


25 


8 


2720 


7.73 


Sal2 


25 
8.53 


8 


2881 





Table 10. Semi-quantitative RT-PCR analysis of hepcidin expression in Atlantic 
salmon during bacterial challenge 





Type I Hepcidin 


Type 


H Hepcidin 


Tissue 


Control 


Infected 


Ratio) 


|Control 


Infected 


Ratioj 


Esophagus 


nd 


0.08 


t 


nd 


0.09 


T 


Stomach 


nd 


o!o9 




nd 


0.27 


tt 


Pyloric caecae 


nd 


0.14 


t 


nd 


0.37 


Tt 


Liver 


1.19 


2.36 


2 


nd 


1.45 


ttt 


Spleen 


nd 


0.18 


t 


nd 


0.41 


TT 


Intestine 


nd 


0.21 


t 


nd 


0.33 


tt 


Brain 


nd 


nd 


0 


nd 


0.50 


n 


Blood 


0.82 


0.84 


l 


nd 


nd 




Anterior kidney 


0.06 


0.07 


1.2 


nd 


0.08 


t 


Posterior kidney 


0.07 


0.14 


2 


nd 


0.11 


t 


Gill 


0.13 


0.12 


1 


0.08 


0.07 


l 


Skin 


0.14 


0.18 


1.3 


0.07 


0.09 


1.3 


Ovary 


nd 


nd 


0 


nd 


nd 


0 


Rectum 


0.07 


0.13 


2 


nd 


0.08 


t 


Heart 


nd 


nd 


0 


nd 


0.43 


tt 


Muscle 


0.38 


0.8 


2.1 


nd 


0.60 


tt 



Pixel densities obtained by densitometry are expressed relative to the actin signal. The 
ratio of infectedxontrol was calculated where numerical values were obtained for 
both conditions, nd, not detected; t weakly up-regulated; tt strongly up-regulated. 
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Table 12. Nucleotide sequences of pleurocidin-like genes and cDNAs referred to in 
Table 11. 

Winter Flounder WF1 

ATGAAGTrCACTGCCACCTTCCTCCro 

G^^GAAAGGGGTO^GGGA^ 

TCR^CTTTGA!ITTCAATAATA^ 

ACTTTG&TTCTCACATC 

CGATTTJaCTTTCTAI^ 

CACAjGCTCCXXSG^^ 
A CAGTTATTAAC^CT^^ 



// 

Winter Flounder WF1A 

ATC»AGTTCACTGCXa^ 

GAGAAGGATTGGTAAAGGTGTCAAGATAATIX^ 

ACTACCAGGAGXSGGCA^ 
// 

Winter Flounder WF2 

GC(X!ACTTTCriATTC^ 
Ga^a3X3AT CTTm^ 
TCAAeXTTGGAGAGTGTGGCroGGGAAG^ 

AAT Arrm w iTJL 3^I3UV^ 
TCXAAATAACCAACXTEAAAAGOCCTTTGATT^ 

TCTX^rri^rrrEAAAAATATAGAATA^ 

AAftAidTTCTTlVCgkftG 

TCTCOTITAAT^ 

TTACS5EAAGGACTTCTACCATTTTA 

ACTCTCn^X!ATCC3GACTCATCOT 

TATTGTTTXTGAATGAAGAAAT 

// 

ATC&^ 

AGGX-XKICATACATGGTAGAGT^ 
TrTGACCAAGTAGAATCATTTTGM^^ 
TAGAATACXSGAAC^CTGGATCTTAATGCT 
OTATGTATAAAACATAATCT 

TOXXrnxaGTTIATCAT^^ T J CACAGGTGGC^GGTTTATC 

TGTGTATITTTAATAXTATTA^ 

CCATCAQSGTTATGACGAGCAGCA^^ 

I J 

Winter Flounder WF4 ™„ 

GCCCACTTTCTATTCOXZAAC^^ 
TACTGTATAATGCAAATGTTAA^ 

<^TCiranxxrrcATC^^ 

TTAGCTTITAACriT^TGCAAATATTGT^ 

AATCACTTTGATCn^TAACAA 

TATAAAACATCATCATSTGTTTTTG^ 

ATTATTACTGTATAATTTTGATA^^ 

TCATTACCTTCGCGAGCAGC^GATCTCGACAAG^ 

// ^ 
ATGAAGTTCACTGCCACXTIT^ 

AAAGGCCACACACGCTAGAGTCACAGAAITAATTAGCT^ 

AAATAGTCTATATATTTGGCCAATTAGAATC^^ 

TTCK^TC^TCAAATGGAOmXSAGGTr^ 

OVGAGGAATTCAAAG^ 

CTATCAraAAATAATZ^CACA^ 

ATTTATAATTGTTTAACAITIAA 
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TTACIOTATAATTTTGA^^ 

A3»GIGCTTACXSn^ 

// 

Winter Flounder WFX 

TAATAAAACTAATGTGTAAAGTCTTCCA^ 

mCT^GTGITGCTTCATGAAGTGAATACAC^ 

TICTATrOSACAGCTAAGaTCGA^ 

TAATGCAAATCTTAACAAT^ 

GTCCTCATGGCTGAACC^^ 

cAAmACAATCAA^^ 

GGAGGTTTTCTCAATGCGTAAGGACT 
CTIXTrTGTCTCACTGACTC^ 
AGCCCXIAGTCTTATTGTTTTTGAC^ 
TAAKTCAAAC 

Winter Flounder WFY and WFZ (alternative splice products from the same pseudogene) 

GASOTX»TC»AACCAGAC3^ 

CTGAGAAGAAGAAATAAGAAAGAGTTGC^G 

CTCAGCAGCAGTCAACCAAAGAGTTI^ 

GCATATTTTTriXSGAATOGA^T^ 

AACTTTTAGAAACATA(3AT^ 

MCAAC3\A3!AAATCAGA^^ 

CTGA<?IXnX3GAGGCCACn» 

CACGGGGTCCACCATCCTAGG^ 

MTOTTCTXSCAATAff 

TAAAGGATAGO^AMTTA^ 
TATAATGAACAfyTGAAGXTTTATC 

ATTACXTTITCCrTTAACT^ 
TAGCmTCTATAATTATTAAGCCCAGAT^ 

GAAGAGAAGAAAGCTGGAGCGGCCTGGT^^ 
GGMAGAGMGGGAGC^^ 



GACCAATAGUAU 1 l\iavjVJU x>tf\ a x^x j. wvwx^j. * *v*.v*v^ — — ~ ^^^^m 

TKJGM&CXXHUSTTCCTTGBlCTGTCTCftG^ 
GTTTGTTCCAAGTTTGACTQAAAtSQAGGCCrGTGGTTTC 

TGTAATCXSAAATGTATTCATTGTCTTTTAAT^ 
A^TGCGTARGGACTTCmCX^TC^TTRCTGTGTRRTIVj 

CAGTG^T^ 
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// 

American plaice API 

GCCCACTTTCTATTCGCAA^ 

TATTGTMAAIAAeaAAGTTAAO^ 

CTT05XCCTCMX3GTTGAACCTGGAG3U3TOT 

GCTITTTACATTGCAAATAGATT^ 

TJAATTTCAATAATAATCnAAA^ 

GATTCTCACATGCACCGAa^TGTGOT 

iUVTCTTTCXlAirXACTCAGA^ 

ACAAGTCAAGATTGAACACTATTAAAAAGTC 

TtmTTATGGAAATGTATTAATTTACAT^ 

OV^^CTGTTCGCXSGCT^^ 

CAGTCGATGAGGACKIX^CAGTGCTAT^ 
// 

American plaice AP2 

ACTTTOTATTCGCAAGCTAAGATC 

GmTAAXAACAAAGTTAAOSATCriTm 

GTCCTCATGGTTG^CCrcGAGAGT^^ 

TTTACATTGCAAATAGATTTTT^ 

OTTCAATAATCIAAATAACAACCTA 

ACATGCACCX3ACCTCTGCGGCAA<^^ 

CCATTACTCAGATTCAAAAATAAATAAATAG 

AAGATTOAACACTATTAAAAACT^ 

TGGAAAT(?IATTAATTTACATTTA^ 

GTTGGCGGCTTGGCOSTTGAGTA^^ 

CXTCTCITGTCTCXXrrt^ 

(^TGAGGACCCCA<JIXOTOT 

// 

American plaice AP3 

TKXXXACTTTOTATTCGCAAGCT 
GTlACTOTATAAirGCAAAAlGT^ 

ACATTGCAAATAGATTTTTTATAACA^ 
CAATAATAATCTAAATAAC^CCIA^^ 

ACATC^CCGACXnXXrTG^^ 

CATmCTCGGATTTAAAAAAAAAAAAAATAG^^ 

AAGATTGAACACTACrTAAAAGTATglATAAA 

GTraOX35AAATOTATTAa^ 

AGACTOTTCXiCAAOTTGKSCXI 

cnmcAACTTcrcTCTC 
// 

Witch Flounder GcSc4C5 

ATGAAGTTCACTOCCACXnTCCTCAl^^ 

ACATATTTTCAAAGCTGGAAAGTTCATC^ 

TGGATGA 

// 

Witch Flounder GcSc4B7 

ATGAACTTCACTOK^CACCT^ 

ATTGGGCATGCATGGAATCX3GGCT6CTCCATC^ 

AGCCCAATGTTATTGTTTTTGAATGAAGAAGTCG 

// 

Witch Flounder GC3.8 

ATCAAGTTCACTGCC!ACX?rTCCT^ 

TAAAGGTAGAGTCATC^TI^ 

CGATATATTTGGCCATATAGAATCACT^ 

ACTAAAATCGACATTGTAAT^ 

A!TTCAAAGTACMTGTTCrAGGC^ 

AAAATAATAAAACACACATTCTGATTTTAC^ 

TTCTTTAACTGTCAACTAATAGTCCAAAT^ 

CX^lXn XJiUTlWlU - J.UriX 1U!A CACZAGGTGCCAAGCACCTTCK^ 
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TAATTTTAACACTATTATCM 

GAGCAGC!AGGAGCTOGACAAGCGCTC!!AA!lX^ 

CA 

// 

Witch Flounder GC3.2 

ATGAAGTTCACTCKXIACXrrTC 

TAAAGGTAGAGTC!ATC3GATTTAATTT^ 

CGATATATTTGGCCATATAG^ATCACTT^^ 

ACXAAAATGGACATTGTARTTTATTTTG^ 

ATTCAAACTACATTGTTCTAGX^ 

AAAATAATAAAACACATTCIX3A!n^ 

TTTTAACTGTCAACTAATAOTCC^ 

AaxnXHCTTTGTTTGTTTTTACA 

TTATCATCACTACTGTTATIX^TAACTTC^^ 

CGAC^AGOGCTCAGTGGATGACGAGCCCA^ 

// 

Halibut HB26 

TTATG^GTTCACTCCCACCT 
CACGGGGTCC^CK^TGGXAGGGTCACGGM 

ATATATTTGACCAA3TA<^ . 

TTTGTTTTTTTAAA!IATOGAA1AACT 

TACITAAAAGIATCTAE^^ 

TATTAATTGTCATTTAATATC^ 

GrTAAGGACTTCTACCATCATTA<^^ 

CTCTCC»TC3U3ACTCA^ 

// 

Halibut HB18 TGGTCtntXTKMXSGClX^ 

CAOGGGGTCCACCATCGTAGAGTC^ 

ATATATTTGACCAAT1!AGAATCACTTTAA 

TTTCnTTTTTTRAATATAGAAT 

TAerTAAAAGTATOTATAAAACSV^^ 

A!TTAATTGTCATn3^ 

GTAAGGRC IU^IA 

CTCTCCATCAGGATGAACI^G 

AA 

// 

Yellowtail Flounder YT1 . ■ 

GCCXACTTTGmTTOGCAAGGTAAG^ 

TAACTTTAIAATGCAAATCTTAAC^ 

CSkTTTTTACATGGCAAATATTTC 

ATAATCAAAATAACAATCACTAAGCCATrTAAT^ 

GCTAAAATAATTAAACCrAAATTCAGAT^ 

TATAATTAAATACTAGTCCAGTTAATTGT^ 

TTTOTTITTACACAGGT^^ 

ACTTTTATTAACAACTTCTCITCT 

ACAAGCGCTCAGTCX^TC^CAACC^ 

// 

Yellowtail Flounder YT3 

ATCAAGTTCACTXSCCACCITCCre 

AGGGGCCATCCATGGTGGCAAGTIKKnXK^ 

ACAAGCX3CGCAGTCGATGA 

// 

Winter Flounder WF-YT 
TTCAAAGTGAGGAAGTGAGAGGAG^ 
ACTCTAAATGTTACACAgrt^CTAGGAA^ 
CCTTTGAATCTCAC^AAGCrcAT^ 

TCCTGGTGCTGTXCCTGGTOGTCCTCATGGCI^ 
GTCACTGAATTGATACATTTTTACAT^ 
ACTTTGATTTCACTAATAATCAAAAT^ 
AATAACrcGATCTTTATGCTAAAATTAAra 
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MAAAACATCSVTCTGTATG^ 

GAATTTATCATTATCiXjC'lU'XUlVltjTT^ 

TTTEAATAGXATTA3ATTCAGTACr^^ 

TTAGAQGAGSVIGCAGGAGCTCX^^ 

AGCXn^TCAGATGATATATAATGCTTCrro 

// 

Winter Flounder WFl-like 

TAC1"1UU!ATCTACC^CTATGTGA 

GAGTTGCCTCTC?IA!EAST^ 

AAAACTAATTTAGACGAAACCAAGCATTTTC^^ 

TGTTGTTGTTTTTTGTAGGA3X3^ 

GTCGTAAGAAAAAGGGGTCGAAGAGAAAGG<^^ 

GGTAGAGTCACGGAATTAATTTGCTTTT^ 

TATATTTGGCXZAAATAGAATC^CITTGAT^ 

GAAATGGAmTTGTAATTTACTTTGACT 

TAAAGTACATTGTTAIAGGCGATTTATCTTT^ 

T^TAAAAC^CACATTCAGATGTTACCAG 

TTAACTGGTAACTXATAGTCCTAATAATTO 

GTOTTTTTGTTTGTTrrTA 

ATTTATAGTTATGATCAGTACAGTTAT^ 

CAGGGGCX!GGAT^ 

CTGAAGAAGTCXX!CCrGAAGGAGCCTTCA 

A6CAACCATQ 

// 

Halibut Hb29 

TTATGAAiGTTCACTGCCACCTT^^ 

CXXH^TATCAGCGGTAGAGTCACXK3A^ 

AAOTAGTCGATATRJXTTGGCC^^ 

TTCCTTCAATAAAATGGACATTGAAGTT^ 

CAGAATTTAAAGTACATTTITCrAGGTG^ 

TGCCAkAATAATAAAACACACATTCTG^ 

•XAATTGTTTAACTCxr^^ 

CACC^TGTGTTTTTTGTTTGTCT 

lAGTATTATCATCSVGm 

G&CX3AGCGGCAGCAGCAGCAGCAGG 

// 

Halibut HbSclA13 
ATGAAGTTCACTCCXIACCr^ 
CCCTATCXSGAGGTGAAAAGAAGGCCTTGC^ 
ACAAGCGCGCAGTC5GATGAAA ' " 

// 

Halibut HbSclA24 

ATG^GTTCACTGCCACCTTCCIX^ 

GZU^GTTGTCCATGCTGGCACGTCAAT^ 

GTCACGGGCGTCACGGGGGTC^^ 

CTCGACAAGCX5CGGATTQ3ATGA 

// 

Halibut HbSclB34 

TATGAA(oTTCACnX3CC^CX!TTC 

CCCAlATCAGCGGTAGftAAGAAGGCCTTG 

GACA&GCGCGCAGTCGATGAAA 

// 

Halibut Hbl7 

ATGAAGTTCACTGCCACCTTCXTrGGT^ 

CGGGGTCCACCATGGTAGGGTC^CG^^ 

ATATTTGGO^AATTAGAATCACTTTGA^ 

TGTTTTTAAAAATATAGAATAACTGGATCTT^ 

CTTAGAAGTAaX-TEAT^ 

TEAATTGTCATTOAATATC^^ 

AAGGACTTCTACCATCATTACTGTCT^ 

CTCCATCAGACTCATCX^TGGCG<^ 

// 

Witch Flounder Gd .2 
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GCTTTTTACATTGCAAATATTr^ 
TTTGATTTGMVTAATAATCIA^ 

^TAATTGTGTTATCXSAAATGTATTC^ 
AGCTGGAAGGTT(^TC 
ACrrcxcTTGTC ^^ 
GGATGATGAGCCXIAGTGTTATTGTTT^ 

// 

Witch Flounder GC1.3 

GCCCACiriXxTATTC^ 

AACTCTEftTAATGCAAATGTlT^ 

GGTCGTCCTCATGGCTGAACCXXSGAGAGGGT^ 

GCTTTTI7U^TTGCAAATATTTTAA^ 

TTTGATTTCAATAATAATCAAAAACACAAT^ 

TGATTCTGACMX3CACCAACITO 

AGIXXSGATTTGTTTTAAAAAATACAGZ^ 

TGAACXXTEACrrTAAAAGTATGTATAAAA^ 

GGAAATGTATTCATTGTCATTTAATATCATTTG 

TCAATCX3GT7AGGACraCTACCATCA 

GCTGGCTCTCTCCATCAGC^^ 

TCGAGGACCAGCCXJAGTTCTATTGCT 

// 

Witch Flounder GC1.4 

GCCCACTTTCTATTCX3CAAGGTAAG 

AACIX3TATAATGCAAATCTTAACAATAT^ 

GCT^TCCTCATCGCTGA 

GCOTTTTACATTGCAAATATTTT^ 

TTTCATTTCIAATAATAATCAAAAAC^ 

TGATTCTGACATCCACCAACTTGC^ 

TGAACX5CTACTTAAAAGTATGTATAAAA 

GGAftATGTATTCATTGTCA!!^^ 

TC&T03G1AAGGACTTCIA^ 

0X3GAGGACGAG<X!CAGTTCXft3TO 
// 

Witch Flounder GcSc4B35 

ATGAAGTTCACTCCCACCTTC^^ 

TAAAGGTGCCAAGCACCTTGGCCA^ 

ATGACGAGCCXSVGTGCTATTGTTT^ 

// 

Witch Flounder GC3.6 

ATCAAGTTCACTGO^CXnrrcCIX 

TAAAGCTAGAGTCATGGATTTAATTTC 

CX^TATATTTGGCCATATAGAATCA 

ACTAAAATGGACATTGTCATTTATTT^ 

ATTCAAAGTACATTGTTCTAGGC^ 

AARATAATOAAAC^CACATTCTGATTTO 

TTGTTTAACTGTCAACTAATACTCX!AAA^ 

ccRiiCT GrrTTroriTO^ 

XAXTTTTAACAGEATTATCATC^^ 
GAGCAGCAGGAGCTCGACAAGCGCTCAATGGATGA 

AG 
// 

Witch Flounder GC2.2 
GC^C^CTTTGmTTCGCAAGGTAAGAGCGA^ 
TACTGTTATAATCCAAAT^ 
GGTOSTCCTCATGGCTSAACM^ 
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ATGK3CAAATATTTTACTATA 
TTATGCXAAAAXAATTAAACAXACATT^ 
CATATAATKH!TTAACTGTTAACX3^ 
TTTGTCACCATGITSTTOTTG^ 
TTAGCAGTATTATCATCAGTACTGTTATTC 
CGACGAGCAGCAGGAGGTCGACAAGGSCTC^ 
CCTTCAGA 
// 

Witch Flounder GcSc4B28 

ATGAAGTTCACrGCCACCTTCCTG<j^ 

CXXyTCGTGAAAGGTTATC^ 

CTATTGCTTTTGA 

// 

Witch Flounder GC3.7 

ATGAAGTTCACTGCCACCTTC^^ 

ACX2ATGGTCX3GGTCACGGAAGTAGTTTO 

CCAA(?IAGAATC!ACTTTGACT^ 

ATTGAGGTTOATTTTGATTCT 

TITTCTCX3CGATTTAATC 

TACATTCTTATTTTATCAGTCA^ 

ACTAAAAGTCCIAATAATTGTCT^IM 

TTGQTTTTTACACAGCTGGAAGGTTG^TCX^ 

A(^CTGTTATTGA3AACrrCTCT 

// 

Witch Flounder GC3.1 

ATGAAGTTCACntSCCACCITCCTGGT^ 

TC^GGTCCACAATGGTAAGTCAAGG 

TATTTGACCAAGTAGAATCATTTT^ 

GTTTTTRAAAATATAjSAATAAC^ 

TTAAAAGTATGTATAAAACATCATCTGTATGTATA 

TCATTGTCMATAATATCAT^ 

AGGACTTCTACCATCATTACIX5TATAA 

TCCATCAGACTACTCSGGCTXTC^^ 

GGATXSAGGAGC02ft<yrJXriATTOu 

// 

Witch Flounder GC4.1 

ATOAACTTCACIXXXS^ 

TGCGGTCX^CAATGGTAAGTC^AGGAA 

TATTTGACCAAGCAGAATCATTTTGA^^ 

GTTTTTAAAAAIATAGAATAACTGGATCT 

TXAAAAGXATGTAJAAAACATCATCT 

TCATTCTCATATAATA3XAT^ 

AGGACTTCTACCATCATlACTGTATAto 

TCCATC^GACTACTXX3<3CTTTCM 

GG&TGAGGAGCXXAGTGCn7*3^ 

// 

Witch Flounder GC4.4 

ATGAAGTTCACTGKX^CCTTC^TO 

TGCGGTCCACAATGGTAAGTCAAGGAATTAATTC^ 

TATTTGACCAAGTAGAATCATTTTGGTX^ 

GTTTTTAAAAATATAGAATAACTGG^CTC^ 

TTAAAAGTATGTATAAAACATCArCTGT^ 

TCATTGTCATATAATATCATT3X3CT 

AfiGACTTCTACXIATCATT!AC?rGT^^ 

TCXZATCAGACTACTCGGCITTCA 

GGATGAGGAGCCCAGTGCTATTGTTTTTGAATGAAGA^ 
// 

Petrale sole 02A(3) 

ATGAAGTTCACTGCCACXnTCXnX^TGTTGT^ 

CXSGGGTO^CCATGGTAGGGTCIACAAAA 

TTATTTGGACAAGOAGAATC^CTT^ 

AAATGGAGATTGAGGTTTATTrrGATTCTCA 



70 

SUBSTITUTE SHEET (RULE 26) 



WO 2004/018706 



PCT/CA2003/001323 



TAATAAAAACACAC^TTCTGATTTTACCA 
TTTGACTTTTAACAAATAGTCA^^ 

^GCAGGTGGAJGGTTTTCTCAATGCGCAAGG 



AGGAGCIXX3ACAAGCGCGCAGTCGATGA 
// 

Petrale sole 02B 



AGGTAGAGTCACGGAATTAATTTGAl^ 

GAAGAATCATTTTGATTTCAAIAATAATC 

GAACAACTTCGATCTXAATGCTAAAAT^ 

ATAGTTTGCTTGACTTTATCACCGTC 

^XGACTGTGTAAGTTTAATAATA!!r^ 

C^CAATGCTCGTCaaSGTia 

// 

Petrale sole PLl/2/2.1 

GCXX^CITTGTATTCXSCAA^^ 

TACTGTATAATAACAAAGTTAA 

CITCCTCCTCATGGTTGAACXJT^ 

GCTTTTXACIJAJTTGCAAATAG^ 

TAATTTCAATAATAATCTAAATAACAACC^ 

ATTCTCACATGCACXXS&CXnX^^ 

ATCTTTCCATTACTCGGATTXAA^ 

CAAGTCAAGATTGAACACTATTAAAM 

GTGTTATGGAAATGTATTAATTTACAr^^ 

AAGACTCnTX3G03GCriX3GCCX^^ 

TAACTACTTCICTTGTCTC^^ 

GQ^GTCGATGACX^CCCC^^ 

// X 
English sole 05A 

ATGAAGTTC^CTCCCA^ , 

AAAGGK^TGCTCAdGGTZ^AGTC^ 

AAATAGTCX^TGTA!rrTGGC^ 

<m?CCTTCAATGAAATCGATGITG^^ 

CCAAAGGAATTCAAAGTAAACITTT^ 

ACXATGZ^IAAAATAATA^ 

TTTGTAXAATTGTTOATCATT^ 

AGTTTATCAATATOTGTTTTTGT^ 

TTACIXSmTAATTTTGATAGTATTATCA 

GCA<3T6CTTGCCITGACAAGCAC3C^ 

// 

English sole PLl/2/5 

GCCCACTTTGTATTCGCAAGGTAATAT^ 

TACTGTATAATCCAAAATTAATGATCTTTAT^ 

TCTTCGTCCTCATGGTCGAACCTGGAGAGTG^ 

TGCTTTTTGCTTTACAAATATTTTT^ 

TTGATITCAAXAATAATCTAAATAGC^ 

GATTCTCACATGCACCGACCTGCTGCX^ 

TAATCTTTCCATAACTCGGCTTXOT 

ATACAAGACAAGATTGAAAACTTCTTGAAAGTATGT^ 

ACTAATTGTGTTATGGAATTGTATAAAT*^^ 

GTTCGCAAGAAAGTTGGCAAGGTGGCCCriTA^^ 

TGTTAITGACZAACTTCTCTTTTCCTC 

AAGCXHXjCAGTCX^TGAAGAGCXXIAGTGTT^ 

// 

Starry flounder 09A 

ATGAAGTTCACTGCXACCITCX^ 

AAAGGCrACTCAOSGTAAAGTCACGGAAT^^ 

TAAATAGTCAAEATATTTGGCX3AT^ 

AAATGTACGTTGAAGTTTATTTTGAAT^ 

AAACTARArri T TlT A GGCGACTT^^ 
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AATAAGOCMACAITTC^^ 

TTXmTTTGTTTOTTTTTACAC^ 

TTTGATAGTATTZVTCACCAGTAC^^ 

TTGGCGGGaAGCAAGAACTCGAC^GCGC^^ 

// 

Greenland halibut: 12B ^ 

ATC&JVGTTCACTGCC^CCT 

CGGGATCCACCATG^ 

ATATTTGACCAATTAGAATCACTTT^ 

TCTTTTITEAAATATAGAA^ 

CTTAAAACTATGrn!AAAACA^ 

TTAATTGTCATAIAATATAATr^ 

GTAAGGACnTCHACCATCATTACTC 

CTCTCCATCAGACTCATCCATCAT^ 

// 

PaCifiC halibut ISA tJ „,„.„,„ -., ^ ITL niLm»irir.iLnii-«rfi-.ri/T«-. 

ATGAAGTTCAd^a3UXrrTC 
<X3mm3VGOGGTAQ3U3T^ 
CTAGTCXSATKIATT^ 
CCTTCAATAAAATGGACATTGAAGTTT^ 

lAAAATAATAAAACACACJATTCrGAr^ 
ATTGTTXAACItSTTAACAAIAGTC 

CGACTAGCAGCafiAAGCriXXa ' „ 

// 

A3ATTTGATATATTAGAATCACTTT^ 
TCTTTTTAAAAATATAGAATAAC^ 

TTAATTCTCATTTAAmTC^ 

AAGGACrrCmCCATCATTACT^^ 

CTCCSATCAGACTCftTCCATCA^ 

// 

GCCCaCTTTOTATTC 

TATAATGCARAATTAATG^TCTO 

CATGGTCGAAO^TGGAGAGTGTCGTROT 

AAATATTTTTTTACSV^ 

CXSGCAACAATTGAATTCAAA^^ 

AAAATATATAMAACTCAATCGCTAT^ 

TMCAAACATCATCTGTT^ 

mttttSto 

<XATTATTA.CTGTATAATTTTGATAGT^ 

TGCAGTGCTTACXrTTCGCX3AGCAG 

TTGAASGAGCCTTC 

// 
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Appendix I. Nucleotide sequences of pleurocidin-like genes and cDNAs referred to in 
Table 4. 

NRC -01 

ATGAAGTTCACTGCCACCTTCCTCCTGTTGTT 

AAGAGAAAGGGGTCCAAGGGAAAGGGGTCCAAGGGAAAGGGC^GGTGGTTGGAAAGGAT^ 

TGCTTTTTACATTGCAAATATTTTTCATATAACATTGCT 

CTTTGATTTCAATAATAATCAAAATAACAACCTAAAAGGCCT 

TGATTCTCACATGCTACGACCTGCTGCAGCAACATTTGAAAATAAA 

TATCTTTCTATTACTGAGATATTTGTTCAAACCAATAGAATAACT 

CCAGTCAAGATTGAACGCTGTTTAAAAGTAAGTATGAAACATCCTCT 

ATTGCGTTATGGAAATGTATTAATTGTCATTTAATATAATTTGCTGGAATTTATCACTG 

GCGGGATAATTAT CGGGGGGGCCCTTGAGTAAGGACTTCTAC CAT GATTACTGTGTAATATTTATAGTTATGATCAGTACAGTTATT 

AACAACTTCTCTTGTCTCGCTGAACTTCTCCATCAGTCACCTCGGGCAGGGGCAGGTGCAGG 

GGAGGAGCTCAACAAGCGCGCAGTCGATGAA 

// 

ATGAAGTTCACTGC^CCI^CCTCCTGITGTTCATCTTCGT 

AGAAGGATTGGTAAAGGTGTCAAGATAATTGGCGGGGCGGCCCTTGATCACCTCGGGCAGGGGCAGGTGCA 

TACCAGGAGGGGCAGGAGCTCAACAAGCGCGCAGTCGATGAAA 

// 

NRC- 04 

GCCCACTTTGTATTCGCAAGGTAATATTGATATTTTTCATATTCATTTAGACAAATGTGCTCAGCOT 

TTAATGATCTTTATTTTTCTGTTTTTTTTTGTAGAATGAAGTTCAC 

jGtf^CCTGGAGAGTGTGGCTGG 

ATTTTTTTTATAACAGCTGGAAAATCACAAAAATAAAT^ 

AATAACCAACCTAAAAGGCCTTTGATTAGCATGTTCCTTCAATGAAATGTACGTTGAGGTTTA 

TGCTGCGTCAACAATTGAATTCAAATTTGTCCCAAAGGAATTCAAAGTAAATTTTTCTAC^ 

TTGTTTTAAAAATATAGAATAACTCAATCTCTATGATAAAACAATTACACATACATTCAGAT^ 

CTTACAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACATGTAACAACTAGTCCTACTAATTGTO 

AATATCAATTGOTTGAGTTTATCATTATGTGTTTTGTTTTTTT^ 

GACTTCTACCATTTTACTGTATAATTTTGATAGTGTTATCACCAGTACTGCT 

TCCGACTCATCCGCAGTCATTACCTTGGCGATAAGCAGGAGCTCAACAAGC 

AATGAAGAAAT 

// 

NRC- 05 

ATGAAGTTCACTGCCACCTTCCTGGTGOTGTCCCTGGTCG 

GGGGCCATACATGGTAGAGTCAAGGAATTAATTAGATTTTTA 

TGACCAAGTAGAATCATTTTGATTTCAATAATAATCAAAATAAC^ 

AATACGGAACAACTGGATCTTAATGCTAAAATAATCCAACATACATT 

GTATAAAACATAATCTGTATGTTATAACAAATAOTCCAAGCAATTGTGTGATGGAAAT 

TGAGTTTATC^TCTTGTGTTTTTGTTTGTTTTTTGACAGGTGGCAGGTTTATCCATGGGT 

TTTTTAATATTATTATCATCAGTACTGTTATTGA^ 

GGTTATGACGAGCAGCAGGAGCTCAACAAGCGCGCAGTCGATGAA 

// * * 

GCCCACTTTGTATTCGCAAGGTAATATCAATATT1TTCAA 

ACTGTATAATGCAAATGTTAATGATCTTTATTTTTOTGTTTTTTTTTTGTAGAATGAAGTTCAOT 

TCTTCGTCCTCATGGTTGAACCTGGAGAGTGTGGTTGGGGAAGCATTTTTAAGCATGGTCGTCATGGTAA 

GCTTTTAACTTTGCAAATATTGTTTTTTTTTTTAACAGCTGGAAACTCACAAAAATAAATAGCCGATA 

ACTTTGATCTAAATAACAACCTAAAAGGCCTTTGATTAGCATGTTTCTTCAAT^ 

AACATCATCATGTGTTTTTGTTTGTTTTTACACAGCTGCCAAGC^ 

ACTGTATAATTTTGATAGTATTATCACCAGTATTGTTATTGACAACOT 

CTTGGCGAGCAGCAAGATCTCGACAAGCGCGCAGTCGATGA^ 

// 

NRC- 07 

ATGAAGTTCACTGCCACCTTCCTCATGATGTGCATCTTCGTCCTCATGGTTGAACCTGGAGAGTGTCGTT 
AAGGCCACACACGGTAGAGTCACAGAATTAATTAGCTTTTTC 

ATAGTCTATATATTTGGCCAATTAGAATCACTTTGCTTTCAATAAAAATCTAAATAACAACOT 

CATCAATGAAATGGACGTTGAGGTTTATTTTGATTCTCACATGCACCGACC^ 

GGAATTCAAAGGAAATTTTTCTAGGCGATCTAATCTTTCCATT 

ATAAAATAATAACACATACGTAAAGATTTTTACAAGACAAGATTGAAAACTTCTTAAAAGTACG 

AATTGTTTAACATTTAACAAATAGCCCTACTAATTGTGTTATGGAAATGTATAAAT^ 

ATTATTTGTTTTTGTTTGTTTTTACACAGTTGGCAAGCATGTTGGCAAGGCGGCCCCT 

TAATTTTGATAGTATTATCACCAGTACTGTTATTGACAACTTCTCTTGTCCTGCTC 

ACCTTGGCGACAAGCAAGAACTCGACAAGCGCGCAGTCGATGA 

// 

NRC - 0 8 

TAATAAAACTAATGTGTAAAGTCOTCC^CTTTTTTTACTGTATTTAC 

ACTAAGTGTTGCTTCATGAAGTGAATACACAATTGTTCTAACAACCACTCA 

AGGAGTCGTCCTGTGTTTTCAAATTTTTTGAATGATOTACCAOT 

TGTGAAGTCAGTTCTGTGTATATAAAGAGTTGCCTCTGTAGAGCATACAA 

ATTCGACAGGTAAGATCGATATTTTTCAAACTCATTTAGACGAGACCAAGTATTTGGGA^ 

CAAATGTTAACAATCGTTTTGTTCTTATGTTGTGTTTGTAG 

ATGGCTGAACOTGGAGAGTGTCGTTCTACAGAGGACATCATCAAGTCTATC 

AATGAAATAACZ^CCAAAAGGCCTCTGATTAGCATGTTCOTTCA 

GACCTGCTGCGGCAAGATTTGAAAATCAATCTTTT^ 
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AGATTTGTTTTTGTTTAAATATATCGAATAACTGGATCTCT^ 

GAACACTTCTTAAAAGTACGTATAAAACATCATCTGTATGTATAATTGTTTGA 

AAATGTATTAATTGTCATTTAATATAATTTGCTTGAATTTATCACCATGTGTTTT^ 

AATGCGTAAGGACTTCTATCATCATTACTGTGTAATTTTT^ 

GACTCTCTCGATCAGAATGAACGCCGGTTAC^ 

TGTTTTTGACTGAAGAAGTCGCCCTGAAGGAGCCTTCAGATGATATATTATGCTTCTTGCT 

NRC-09 and NRC-10 (alternative splice products from the same pseudogen e) 

GAGCTCGATCAAACCAGACAAAGTTGCCTTCCT 

TGAGAAGAAGAAATAAGAAAGACTTGCAGGATTG^ 

TCACAATACAGAAGAGAACCAGAAGCCAAACTGCAGCAA 

AGCAGCAGTGAACCAAAGAGTTTAACTGTACTTGTGTCC^^ 

ATTTTTTTGGAATGGAATATAAGTCAGGAGAATATGTGTTG 

TTAGAAACATAGATACGATCTCAAGTAAACTTCCAT 

AATAAATCAGAGATAACTTCZATGGAGAAGTCTATATTCATATTTC 

TGGAGGCCACTGACGTTTACTGACCTCAACGTCTACCGCTCTAATGCATTTGGAGTTAAAGGTAAGCATTTTGTTA 
TGTATTGATACTAAATATAGAGGGTTACAAATACAGTTAAAACAAGAGAGACGA 

GCTGATAGCTGATCTTACCCGACACCGGTGACATGGCATCAAAATGACCACCTCTTTTTTCTTCTCTTTTTO 
CGCTGCCGCCTTCCTCGTGTTGTTCATGGTCATCGT 

CCATGGTAGGGTCCCGGAAGTAATTTGATTATTACATGCCAAATATTTTAATGAA^ 
AAGTAGAATCTCTATGATTTCAGTAGTAATTAGAAT^ 
GAGGTTTATTTTGATTCTCACATGCTACAGCAACAATTGAAA 
GTGCTTAAAAAGTGTTACCATGGAATGGTGTGCGTTTA 

TAAAATATTAATATTAAATCATAACTTTAATTGTTTAAAGTTCTCGCGGGGAACCACCC 

TATTGATTAAGATCAGTOTCATTTAGATOTAGTTCAAATAGAAATCTCAATAT^ 

GTTATGGAGTTCTAAACAGTGTAACAGTTGGCAAAGTT 

TATGAGCATAATAAAGTATGAAAGCACGAATTACTAAACAAT 

AATAAGGGGGGGGCTCAAACTGGTGGCCTACAAGAAGAGCCTTAA 

AGAGTTATTAAAATGAGTTAGAATAACTAATGACTAATTA 

TGTGTGTGAGTGTGTTTGTGTGTAAATGTTAATTAGGGGCTCTCAAACTGGTGTCTTACCAGAAGAGTAAGATAACAATTCCCC^ 

TTCTTCTGAGGTTGTTTTACGACTGTTGCTTTATGGCCGTGAGGGAAGGTTTAACTCGGTGACATGCTATACGTGTCTGTGTAGATG 

TTAATGAGAGAATGCCAGAGTCAGAGAGACCTACGGAGGAAGTCTGTGAAGGGCCTATCT 

ACAATATCAGAAACACATATCAACCTTATAAACAC^ 

ATTATGTTACCAGTCCGAGGGAAAGAGTTCAGTT^^ 

TCTGTCGAGCCGTGTGCTCAGATGCAGGTTGAAGTTCTCCTC 

AGGAGATTTCCTTGAGTGGTGAGCTGGAAGCTGGACCTCTGACCT 

TTCTCCCTCTAGCCGATGCAGGAGGAGAAGCCGGCAGCCCCACTCCTTGAAGAGTTGTG 

TTGGGGAGACCTCTCCTTATATTGGCCCCGATGACCTCACAGGCCTTGGAACGGAGTGACCAATAGGAGT 

GACACCTTTGTGGGACATTGTGAAGACCCCAGGACZATGC^ 

CAATGAGAACCTGTGGCATCTTGGGGGATTGAGTCC^ 

TGGTTTGCACAAAAACCATGTCCCAACAACATTT 

ATAACTCGATCTTTCTGCGTAAATAATAAAAAATAAAT^ 

CATAATCTGTATGTATAGTTGTTTGACTGTTAAATAGTAGTCCTAACAATTGTGTAATGGAAATGTA 

TTTGCTTATCATAATGTGTTTGTTTGTTTTTTAGCAGGTGGAGGTTATCTCAATGCGTAAGGAOT 

TGTATTAGTTOTATCATCAGTACrGTTATTGACAACGTCrCra 

GTTACAATGAGCAGCAGGAGCTCGACAAGCGCGCIAGTCGATGACAA^ 

AATCTTTTGAAATGATATGAAATGTTTGCCTTTCAATGA 

TTGAGTGACAGTTGAATAATTTTGGAAAACTTATAACAGATCTCAATTTTAGGATGTCAA 

TGAGATTTAACAATGACAAT 

// 

NRC-ll 

GCCCACTTTGTATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTT^ 

ATTGTATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTO 

TCGTCCTCATGGTTGAACCTGGAGAGTGTGGATGGAAAAGTC^ 

TTTTACATTGCAAATAGATTTTTTATAACAGCTGGAAAATCACAAAAATAAA 

TTTCAATAATAATCTAAATAACAACCTAAAAGGCCTTTG 

TCACATGCACCGACCTGTGCGGCAACCATTGAATTCAGATTTGTCCC^ 

TCC^TTACTCAGATTCAAAAATAAATAAATGGAATAATTGAAGCACTATGATAAAATAA 

AAGATTGAACACTATTAAAAAGTGTGTATAAAACAACATCTGTATGCATAATTGTTTAACTGTTAA 

GGAAATGTATTAATTTACATTTAATATTATT^ 

TGGCGGCTTGGCCCTTGAGTAAGGACTTCTACCATCATTACTGTATAATTTTGATAGTATTATCZACCAGTAOT 
CTCTTGTCTGCTOACTCTCTC^ 

GACCCCAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAG 
// 

NRC-12 

ACTTTGTATTCGCAAGGTAAGATCAATATTTTTCAAATTCATTTAGACGA 

TATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCACTGCCACCT 

CCTC^TGGTTGAACCTGGAGAGTGTGGATGGAAAAAATGGTTTAATAGGGCTAAGAAAGGTAGA 

ACATTGCAAATAGATTTTTTATAACAGCTGGAAAATCACAAA 

AATAATCTAAATAACAACCTAAAAGGCCITT^ 

CACCGACCTGTGCGGCAACCATTGAATTCAGATTTGTCCCAGA 

CTCAGATTCAAAAATAAATAAATAGAATAATTGAAGCACTAT^ 

AACACTATTAAAAACTGTGTATAGAACATCATCTGTATGTGTAATTGTTTAACTGTT 
TATTAATTTACATTTAATATTATTTGCTTGAGTTTACCATCATGTGGTTTTGT 
TTGGCCGTTGAGTAAGGACTTCTACCATCATTACTGTATAATTTTGATAGT 
CTCGCTGACTCTCTCCATCCGACTCCTCTGCAGT 

CAGTGCTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGAA 
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// 

CTGCC<kcTTTGTATTC^ 

TTACTGTATAATGCAAAAGTTAA.GTATCTTTATTTTTCTGTTTTTTTTTGTAGAAT 

AT CTT CGT C CT CATGTTTGAAC CTGGAGAGTGTGGTTGGCGAACATTGCTTAAAAAAGCTGGT CACGGAATT AAT ACG CTTTT TACA 
TTGCAAATAGATTTTTTATAACAGCTGGAAAATGACAAAAAT^ 

AATAATCTAAAT AACAAC CTAAAAGGT CTTTGATTAGCATGTT T CTT CAATGAAATGGACATTGAGGT TTATT TTGATTCT CACATG 

ACCGACCTGCTGCGGCAACAATTGAATTCAGATTTGTCC^GAAGAATTCAAAGTA 

TCGGATTTAAAAAAAAAAAAAATAGAATAACTGAATTGCCATGAAAAAATAATTACACATACTGT 

AACACTACTTAAAAGTATGTATAAAACATCATCTGTATGTATA^^ 

AATGTATTAATTGTCATTAAATATAATTTGCTTGAGTTTATGATCATGTGT^ 

GGAAGTTGGCCCTTAAGTAAGGACTTCTACCATCATTACTGTAT^ 

CTCTCTCCACCCAACTCATCCGCAGACATTACCTTGGCAAGCAG 

TTGTTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAGAA 

// 

NRC-14 „ 

ATGAAGTTCACTGCCACCTTCCTCATGATGTTCATGGTC^ 

CATATTTTCAAAGCTGXSAAAGTTCATCCATGGTGCGAT^ 

GATGA 

// 

NRC-15 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATC 

TTGGGCATGCATGGAATCGGGCTGCTCCATCAGCATTTGGGTGCTGACGAGC^ 

CCCAATGTTATTGTTTTTGAATGAAGAAGTCGGATTGAAGGAGCCTTCAG 

// 

ATG/^ 

AAAGGTAGAGTC^TGGATTTAATTTGCTTTTTAC^TTG 

ATATATTTGGCCATATAGAATCACTTTGATTTCAATAATAATCAA^^ 

AAAATGGACATTGTAATTTATTTTGATTCTGACAGGCACCAACCT 

AAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATCTGTTTTT 

AATAAAACACACATTCTGATTTTACCTGTCAAGATTGAACACGACTTAAi^ 

AACTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAATATCATTTGCT 

TTTTTGTTTGTTTTTACACAGGTGCCAAGCACOTTGGCCAGGCGGCCATTAAGTAAGGA^ 

ACAGTATTATCATCAGTACTGTTATTGACAACTACrCTTGTCTCTGTTACTCTCTC 



// . 
NR.C-18 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCA^ 

AAAGGTAGAGTCATGGATTTAATTTGCTTTTTACATTGCAAATACTTTAATATAACATAGCT 

ATATATTOGGCCATATAGAATCACTTTGATTTC^ 
AAAATGGACATTGTAATTTATTTTGATTCTCACAGGCACCAACCT 

AAAGTAC^TTGTTCTAGGCGATTTAATCTTTCC^TTCATCGGATTTGTTTTCAAAAATATAGAATAAC^ 

AATAAAAC^CATTCTGATTTTATCTGTC^GATTGAACACGACTTAAAAGTATGAATAAAACATCATC 

CTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAATATC^ 

TTTGTTTGTTTTTACAC^GGTGAAAGGTTATCCCAGA 

AGTACTGTTATTGATAACTTCTCTTGTCTCGCTGACTCTCT^ 

CTCAGTGGATGACGAGCCCAGTTCTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 
// 

NRG** 19 ^^^^.wimtwmwww^'* wwru~trm £T j *t j u j * rj*Q 



ACGGGGTCCACCATGGTAGGGTCACGGAAGTAATTCGATTTTTA(^TGGCAAATATTTTAAGATAACACACCA^ 
ATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATC^ 

GTTTTTTTAAATATAGAATAACTGGATCTCTATGTTAAAATAATAAAACATACATTCTGATTTTACC^ 

TAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACTAATAGTCCAAATAATTGTGTAATGGAAATGTA 
ATTGTCATTTAATATCATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTTTT 
ACTTCTACCATCATTACTGTGTATTTTTAATAGT^ 
TCAGACTCATCCATGGGCATCACGGTTACGACGAGCAGCAGGAGCTCGA 

// 

NRC-20 

TTATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGT 

ACGGGGTCCACCATGGTAGAGTCACGGAATTAATTCGATTTTTACATGGCAAATATTTTAA 

ATATTTGACCAATTAGAATCACTTTAATTTCAATAATAATCACAAT^ 

GTTTTTTTAAATATAGAATAACTGGATCTCTATGTTAAAATAATAAAACATACATTC 

TAAAAGTATGTATAAAACATCATCTGTATGTATAATTGOT^ 

TTGTCATTTAATATCATTTGCTTGAATTTATCACCATGAGT^ 

ACTTCTACCATCATTACTTTGTAATTTTTATAGTATTATCATCAGTACTGTTATT 

TCAGGATGAACTCAGAGCGTCGCAGTTACGACGAGCGGCAGC^ 

// 

NRC— 101 

GCCCACTTTGTATTCGCAAGGTAAGATCGATATTTTTCAAACTCATTTAGACGAGACCAA 

AACTTTATAATGCAAATGTTAACAATCTTTTTGTTCTGTTGTTTT^ 

GTCGTCCTCATGGCTGAACCTGGAGAGGGTTTCTTGGGATTTCTT 

TTTTACATGGCAAATATTTGAATATAACATAOTATATGAGTTGTCAATATATGT^ 

TCAAAATAACAATCACTAAGCCATTTAATAATTGAATTAATTACATTTGTTTTAAAA 

AATAATTAAACCTAAATTmGATTTTACCACTCAAGACT 

TAAATACTAGTCCAGTTAATTGTTTTATGGAAATGTGTTAATTGACATATATCATTTGCTTGA 
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TTACACAGGTATCAGGGCGATCCATCAGTAAGGACTTC^^ 

TAACAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGTCTCA 

CAGTCGATGACAACCCCGGTGCTATTGTTTTTGACT 

// 

NRC- 102 

ATGAAGTTC^CTGCCACCTTCCTGGTGTTGTCCATGGTCGTCOTCATGGCTGAACCTGGAGAGGGTTTOTT 

GGGGCC^TCCZATGGTGGCAAGTTGCTCCATAAACTCATCAAAAAAAAACATGA 

AAGCGCGCAGTCGATGA 

// 

NRC-103 

TTGAAAGTGAGGAAGTGAGAGGAGGACTAGGTCCTGTGTTTT 

CTCTAAATGTTACACAGTGACTAGGAAGTCAGTCCTGTGTATATAAAGAGTTGCAT 
TTTGAATCTCACAAAGCTCATTTTGTATTCGACAGGTAAGAT 

TGTGCTCAGCTTCTAACTGTATGATGCAAATGTTAACAATCTTTTTGTTCTGTTGTTTTGTAGGAT 

GGTGCTGTTCCTGGTCGTCCTCATGGCTGAACCTGGAGAGAGTTTTTTGGGATTTCTTTTTCATGGTATC 

TGAATTGATACATTTTTACATGGCAAATATTTGAATGTAAC^TACTATATGAGTTGT 

ATTTCAGTAATAATCAAAATAACAATCACTAGGCCATTTAATAATTGCATTAATTAC^ 

GGATCTTTATGCTAAAATTAATAAACATGAATTCAGATTTTAAGATTTTTCAAGA 

TCATCTGTATGTATAATTAAATACTTGTCCAGATAATTGTGTTGTGGAAATGTGTTAATTGACATATAT^ 

ATTATCTGCTTTGTTTGTTTTTACA(^GGTATCAAGGCGATCCATGGGTAAGGACTT 

ATTATATTCAGTACTGTTATTGAAAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGAATGATCCATGGT 

GCAGGAGCTCGACAAGCGCTCATTCGATGACAACCCCAACGCAATTGTTTTTGACTGAAGAA 

ATATATAATGCTTCTTGCTTTTCAATGAAATAAATTGAATAATTACCCGCAACAGC 

// 

T^CTTCTATCTACCACTATGTGAGCTCCT 

AGTTGCCTCTGTATAGTAGACAACATATTTCACOTTTGAATCCCACAAAGCTCAC 

AACTAATTTAGACGAAACCAAGCATTTTGGGGAATTTGCTCAACTTCTAAATGTATGATACAAATG^ 

TGTTGTTlTTTGTAGGATGAAGTTC^CrGCCACCCTCCTCCTGTTGTTCATCTTCGTCCT 

TAAGAAAAAGGGGTCX3AAGAGAAAGGGGTCCAAGGGAAAGGGGTC 

AGTCACGGAATTAATTTGCTTTTTACATTGCAAATAT^ 

TGGCCAAATAGAATCACTTTGATTTCAATAATAATCAAAATAACAACCTAAAAGGCCTTTGATTAGC^^ 
ACATTGTAATTTACTTTGATTCTCACATGCTACGACCTGCTGCAGCAACATO 

ATTGTTATAGGCGATTTATCTTTCTATTACTCAGATATTTGTTCAAACCAATAGAATAACTGGATCTCTATGC 

ACACATTCAGATGTTACCAGTCAAGATTGAACGCT 

ACTTATAGTCCTAATAATTGCGTTAT^ 

TGTTTTTACACAGCTGGCGGGATAATTATCGGGGGGGCCCTTGAGT^ 
GATC^GTACAGTTATTAACAACTTCT 

ACGACTACCAGGAGGGGGAGGAGCTCAACAAGCGCTCAGACGATGATGACA 
CTGAACK^GCCTTCAGATGATATATAATGCTTCT 

II * - C 

NRC- 10 5" 

TTATGAAGTTC^CTGCGACCTTCCTGGTGTTGT^ 
CCGATATCAGCGGTAGAGTCACGGAATTAATTTGC 

GTAGTCGATATATTTGGCCAAATAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCAAA^ 
CTTCAATAAAATGGACATTGAAGTTTATTTTGATGCT 

ATTTAAAGTACATTTTTCTAGGTGATTTAATCTTTCCATTAACTTGATTTGT 

AAATAATAAAACACACATTCTGATTTTACCAGTCAAGATTGAACACTACTTAAAAGTAATATAA 

TTTAACTGTTAACAAAAGTCCAAATAATTGTGTTATGGAAATGTATTAATTGTCATTTAATATCATT^ 

TGTTTTTTGTTTGTTTTTACACAGGTGAAAAGAAGGCCTTGGAGTAAGGACTTCTAC 

TCATCAGTACTGTTATTGACAACTTCTCTTGTCTCG^ 

CAGCAGCAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA 

// 

NRC- 106 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGG 

CCTATCGGAGGTGAAAAGAAGGCCTTGGAGATGAACTCAGAGC^ 

AAGCGCGCAGTCGATGAAA 

// 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATAGCTGAACCTGGAGAG 
AAAGTTGTCCATGCTGGCACGTCAATTGGCGAGACA^ 

CACGGGCGTCACGGGGGTCACAGGCGTCACGGGGGTCAGAGGCGTCACGGGCGTC 

GACAAGCGCGCATTCGATGA 

// 

TATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGGGT^ 

CC^TATCAGCGGTAGAAAGAAGGCCTTGC^CATGAACTCAGAGCGTCGCZAGT 

CAAGCGCGCAGTCGATGAAA 

// 

NRC- 10 9 

ATGAAGTTCACTGCC^CCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCTGGAGAGTGTTTTTTGGGATTG 

GGGGTCCACCATGGTAGGGTCACGGAAGTAATTCGATTTTTACATGGCAAATA 

ATTTGGCCAATTAGAATCACTTTGATTTCAATAATAAT 

TTTTAAAAATATAGAATAACTGGATCTTTATGGTAAAATAATTAAACATACATTCTG^ 

GAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACGA^ 

TGTCATTTAATATCATTTGCTTGAATTTATCACCATGTC 

TTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTATTATTGACAACT 
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AGACTCATCCATGGCGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGAA 
// 

NRC w XX0 

GCCCACTTTGTATTCGCAAGGTAAGAGCGATATATTTCAT^ 
ACTGTTTAATGCAAATGTTAACAATATCCTTTTTCT^ 

TCGTCCTCATGGCTG7^CC(X^GAGGCTCGTTGGGGAACGTTCTTCAAACATATTTTCAAAGGTAG 
TTTTACATTGCAAATATTTTC^TATAACATAGCTGG 
ATTTGAATAATAATCAAAATAAAAATCAGAAAGGCCTT^ 
CTCAAATGCACCAACCTGCTGCGGCAACAATTGAAATCAA 

TTTCCTTTGATCGAATTCGTTTTTAAAAATATAGAATAACTGGATCTTTATGCTAAAATAATAAATCATACATTC 

TCAAGATTGAACGCTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAAT^ 

TGTTATGGAAATGTATTCATTGTCATTTAATATCATTTGCTTGAATTTATG^ 

GTTCATCCATGGGTAAGGACTTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACT 

TCTCGCTGACTCTCTCCATCAGTGCGATCCAGGGACAC^^ 

CCAGTGTTATTGTTTTTGAATGAAGAAGTCGCCTTGAAGGAGCCTTCAG 

// 

NRC-XXX 

GCCCACTTTGTATTCGCAAGGTAAGAGCAATATATTTCAAATTCATTTAGACGAGACCAAGC^ 

ACTGTATAATGCAAATGTTAACAATATTCTTTTTCTGTTGTTTTTGTAGAATGAAGTTCGOT 

TCGTCCTCAT03CTGAACCCGGAGAGGGTGCTTC 

TTTTACATTGCAAATATTTTAATATAACATGGCTGGAAAATCACAAAAATGAGTACT 

ATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATT 

OTGACATGCACCAACTTGCTGCGGCAACAATTGAATT 

ATTTGTTTTAAAAAATACAGAATAACTGGATCTTTATGCTAAAATAATAAATCATAC^TTCrGATTTTACCAGT 

TACTTAAAAGTATGTATAAAACATCATCTGTATTGATAATTGTTTAACTTTTAACTAAT^^ 

ATTCATTGTCATTTAATATCATTTGCTTGAATTTATCACCA 

AAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATT^ 

TCCATCAGCCAAATGGTGTATTATCGTCGGCACTGGCACGGTGACX^ 

CCCAGTTCTATTGCTTCTGCCTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 

// 

NRC-XX2 _ 
GCCCACTTTGTATTCGCAAGGTAAGAGC^TATATTTCAAATTCATTTAGACGAGACCAA 

ACTGTATAATGCAAATGTTAACAATATTCTTCTTCTGTTGOT 

TCGTCCTCATGK3CTGAACCCGGAGAGGGTGCTTGGATGCCTGCC 

TTTTACATTGCAAATATTTTAATATAACATGGCTG<^ 

ATTTCAATAATAATCAAAAACACAATCAAAAAGGCCATO 

CTGACATGCACCAACTTGCTGCGGCAACAATT^ 

ATTTGTTTTAAAAAATACAGAATAACTGGATCTTTATGOTAAAA 

TACTTAAAAGTATGTATAAAACATCATCTGTATTGATAATTGTTTAACTTTTAACT 

ATTCATTGTCATTTAATATCATTTGCTTG^ 

AAGGACTTCTACCATCATTACTGTGTAATTTTAATAGTATTATCATCAGTACTG 
TCCATCAGCC&AATGGTGTATTATCGTAGGCACT 

CCCAGTTCTATTGCTTCTGCCTGAAGAAGTCGGCTTGAAGGAGCCTTCAG 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCX3TCCTCATGGCT 

AAAGGTGCCAAGCACCTTGGCCAGGCGGCCATTAACGGTTTGGCC^ 

GACGAGCCCAGTGCTATTGTTTTTGAA 

// 

NRC-XX4 • 

ATGAAGTTCACTGCC^CCTTCCTGGTGTTGOT 

AAAGGTAGAGTCATGGATTTAATTTGCTTTTT^^ 

ATATATTTGGCGATATAGAATCACTTTGATT^ 

AAAATGGACATTGTCATTTATTTTGATTCTCAC^GGCACCAACCTGOT 

AAAGTACATTGTTCTAGGCGATTTAATCTTTCCATTCATCGGATTTGTTTTTAAAAATATAGAATAACTGGATCT 

AATAAAACACACATTCTGATTTTACCTGTCAAGATTGAACACGACTTAAAAGTA 

AACTGTCAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTCATTGTCATATAAT 

TTTTTGTTTGTTTTTACACAGGTGCCAAGCACCT 

ACAGTATTATCATCAGTACTGTTATTGACAACTACTCTTC 

GAGCTCGACAAGCGCTCAATGGATGACGAGCCCAGTGCTATTGTTTTTGACTGAAGAA 
// 

NRC-115 

GCCCACTTTGTATTCGCAAGGTAAGAGCGATATATTTCS^ 
ACTGTATAATGCAAATGTTAACAATGTTTTTGTTCTGTO 

TCGTCCTCATGGCTGAACATGGAGAGGGTTTTGGGGATTTCTATATGAAGCCTGGTAGAG 

GCAAATATTTTACTATAACATACCATATGAGTAGTCGATTAATTAATTGGATTTGTTTTTAAAAATATAGAATAA 

GCTAAAATAATTAAACATACATTCTGATTTTACCAGTTAAGATTGAACGCTACOT 

AATTGTTTAACTGTTAACCAATAGTCCAAATAATTC 

ACCATGTGTTGTTGTTTGTTTTTACACAGGTAGAAAGATTTCCCATGGGTAAGGACTTCT 

TATTATCATCAGTACTGTTATTGATAACTTCTCT 

AGCAGGAGGTCGACAAGCGCTGAGTCGATGACAACCCGAGTC 

// 
NRC-XX6 

ATGAAGTTGACTGCCACCTTCCTGGTGTTGTT 

CGTGGTGAAAGGTTATCCCAGAGGGATTTTO^ 

ATTGCTTTTGA 

// 
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NRC 117 

ATGAAGTTCACTGCC^CCTTCCTCGTGTTGTTCATCGTCA^^ 

C(^TGGTCGGGTCACGGAAGTAGTTCGATTTTTACATGGCAAA 

AAGTAGAATCACTTTGACTTCAATAATAATCAAAAACATAATCAAAAAGCC^ 

GAGGTrTATTTTGATTCTCACAGGCACCAACCTGCTGCGGCAACAATTGCATTCAAATTTG^ 

CTGGCGATTTAATCTTTGCATAAATTGGATTTGTTTTTAAA^ 

TCTTATTTTATCAGTCAAGATTGAACGCTACTTAAAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTTTTAACTAAA 

AGTCCTAATAATTGTGTTATGGAAATGTATTAATTGTC^^ 
TTACACAGCTGGAAGGTTGATCCATAGGTAAGGACTTCTACCATCATTACT 
TATTGATAACTTCTCTTGTCTCGCTGACTCTCTCCATCAGAT^ 
GCTCAGTGGATGACGAGCCCAGTTCTATTGCTTTTGCCTGAAGAAGTCGCCTTG 

// 

NRC 118 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTT^ 
GCraTCCACAATGGTAAGTO^^ 

TTTGACCAAGTAGAATCATTTTGACITCAATAATAATCAAAATA 

TTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACACT 

AAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTO 

GTCATATAATATCATTTGCTTGAATTTAT^ 

TCTACCATCATTACTGTATA^^ 

GACTACTCGGCTTTCATCATGGGCCTCC 

AGCCCAGTTCTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 
// 

NRC— 119 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACCT^ 

GCGGTCCAGAATGGTAAGTCAAGGAATTAAT^ 

TTTGACCAAGCAGAATCATTTTGATTTCAATAAT^ 

TTTAAAAATATAGAATAACTGGATCTTAATGCTAAAATAATTAAACATACATTCTGATATTACC^ 
AAGTATGTATAAAACATC^TCTGTATGTATAATTGTTTAACTGTCGACTAATAGTCCTAATAATTGTG^ 
GTCATATAATATC^TTTGCTTGAATTTATCACC^TGTGTTTTTGTTTGTTTTTACAC^ 
TCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGTACTGTT^ 
GACTACTCGGCTTTCATCATGGGCCTCC CGGG 

AGCCCAGTGCTATTGTTTTTGAATGAAGAAGTCGCCTTGAAGGAGCCTTCAG 
// 

ATGAAGTTC^^ 

GCGGTCCACAATGGTAAGTCAAGX3AATTAATTCGATTTTTACGTGGCAA 

raTGACCAAGTAGAATCATTTTGGTTTCAATAATAATCAAAATAAC^^ 

TTTAAAAATATAGAATAACIX^TCTrAATGCTAAAATAATTAAACATA 

AAGTATGTATAAAACATCATCTGTATGTATAATTGTOT 

GTCATATJATATCATTT^^ 

TCTACCATCATTACTGTATAATTTTAAGAGCATTATCATCAGT^ 
GACTACTCGGCTTTCATCATGGGCCTCCCACX3TTCTGG 

AGCCCAGTGCTATTGTTTTTGAATGAAGAAGTCGCCTTGAAGGAGCCTTCAG 
// 

NRC- 121 



GGGGTCCACCATGGTAGGGTCACAAAAGTGATTTGATTATTACATGCCA^ 

ATTTGGACAAGTAGAATCACTTTGATTTCAATAGTAATTAAAATAACAATCAAAAAGGCCTT^ 

TGGACATTGAGGTTTATTTTGATTCTCACCTGCATCGACCTGCTGCGGCAACTATTGA 

TAACATTTTCTAGGCCATCTAATCTTTGCATGAATTGKiATTTGCTTTCAAAAATATAGAATAACT 

AAAA^CACATTCTGATTTTACCAGTCAAGATTGAAC^ 

TTT^AACAAATAGTCAAAATGATTGTTATGGAAA 

TTGTTTTTTAGCAGGTGGAGGTTTTCTCAATGCGCAAGGACTTCTACC^ 

TCTTATTGACAACX3TOTCTTGTCTCGCTGACTCTCTCTATCAGATTAAAC 

ACAAGCGCGCAGTCGATGA 

// 

NRC- 122 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTCCTTGGTCGTCCTCATGGCTGAACCTGGAGAGGGTTT 

GGTAGAGTCACGGAATTAATTTGATTGTTACATGGCAAATAATTTTGTATAACATATCATATGA^ 

AGAATCATTTTGATTTCAATAATAATCAAAATAACAATCTCTTGGAGATTATAT^ 

CAACTGGATCnTAATGCTAAAATAATTAAACATACATTCTGA 

ATCATCTGTATGTTTAATTGTTTAA^^ 

TTGCITGACTTTATCACCGTGTGTTTTTGTTTGTTTTTTCACAGGTGCCCAG^ 

GTGTAAGTTTAATAATATTATCATCAGTACTGTTATTAACGACTTCTCTTGTCTCGCTGACTCTCTCCATC^ 
CTCGTCACGGTTACGACGAGCAGCAGGAACTC^CAAGCGCGCAGTCGATGA 

// 

NRC- 123 

GCCCACTTTGTATTCGCAAGGTAAGATCAATATTTTT 

ATTGTATAATAACAAAGTTAACGATCTTTATTTTTCTGTTTTTTTGTAGAATGAAGTTCA 

TCGTCCTCATGGTTGAACCTGGAGAGTGTGGTTGGAAAGATTGGTTTCGTAAGGCTAAGAAAGGTAGAATCACGGAATTAA^AGCT 

TTTTACATTGCAAATAGATTTTTTATAACAGCTGGAAATCACAAAAATAAATAGTCGATATATTTGGC 

TTCAA^TAATCTAAATAACAACCTAAAAGGCOT 

CACATGCACCGACCTGTGCGGCAACAATTGAATTCAGATTTGTCCCAGAAGAATTCAAAGTAC^ 
CCATTACTCGGATTTAAAAATAAATAAATAGAATAACTGAAGCGCTATC 
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GGCGGCTTGGCCCTTAAGTAAGAACTTCTACCATCATTACTGTA 

TCTTGTCTCGCTGACTCTCTCCATCCGACTCATCCGCAGTCATTACCTTGGCGAGCAGCAGGAGC^ 
CGACCCCAGTGTTATTGTCTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 

// 

NRC- 124 

ATGAAGTTCACTGCCACCTTCCTCATGATTTTAATCTTCGTCCTCATGGTCGAACCTGGAGAG 
AAGGCTGCTCACGGTAAAGTCACGGAATTAATTTGCTTTTTGCTTTACAAATA 
ATAGTCGATGTATTTGGCCAATTAGAATCACTTTGATTTCAAATAATAATCTAAATAGCAACOT 
CCTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCTCACATGCACCGACCTGCTGCGGCAACAATTGAATT 

AGG&ATTCAAAGTAAACTTTTCTAGATGATTTAATC^^ 
GATAAAATAATAACACATACATTCT'GATTTATACAAGACAAGATTGAAAA 

TAATTGTTTATCATTTCACAAAAAGTCCAACTAATTGTGTTATGGAATTGTATAAATTGTCATTTAATA 
CAATATGTGTTTTTGTTTGTTTTACACAGTTGGCAAGGAAGTTGGCAA 
TAATTTTGATAGTATTATCACCCGTACTGTTATTGACAA 
GCCTTGACAAGCAGCAGCAGCTCGACAAGCGCGCAGTCGATGA 

// 

NRC- 125 

GCCCACTTTGTATTCGCAAGGTAATATCGATATTTTTCAA^ 

ACTGTATAATGCAAAATTAATGATCTTTATTTTTCTGT^ 

TTCGTCCTCATGGTCGAACCTGGAGAGTGTGGTTTGAAGAAATGGTTTA 

TTTTTGCTTTACAAATATTTTTTTATAGCAGCTGGAAAAT 

TTTCAATAATAATCTAAATAGCAACCTAAAAGGCCTTTC 

TCACATGCACCGACCTGCTGCGGCAACAATTGAATTCCAATTTGTCCC^AAGGAATTCAAAG 

TTCCATAACTCGGCTTTGTTTTTAAAAATATAT^ 

ACAAGATTGAAAACTTCTTGAAAGTATGTATCAAACT^ 

TGTTATGGAATTGTATAAATTGTCATTTAATATAATTTTT^ 

AAAGTTGGCAAGGTGGCCCTTAAGTAAGGACTTCTACCATTAT^ 

AACTTCTCTTTTCCTGCTGACTCTCTCCATCCGACTCATCTGCAGTGCTTACCTTGGCG 
CGATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 

// 

NRC— 126 

ATGAAGTTCACTGCCACCTTCCTGATGATGTTCAT 

AAGGCTACTCACGGTAAAGTCACGGAATTAATTCGTTTTTTGCTT^ 

AATAGTCAATATATTTGGCCAATTAGAATCACTTTGAGT^ 

TGTACGTTGAAGTTTATTTTGAATCTCACATGCACCGACCTGCTGCGGCAACAATTG^ 

TAAATTTTTCTAGGCGATTTAATCTTTCCATTACTCTGAT 

GCCATACATTCTGATTTTTAC3AAGACAAGATTGAAAACTTCTTAAAA 

TTTAACAAATTGTCCIttCrAATT^^ 

TGTTTGTTTTTACACAGTTGGCAAGCATATT^ 

TATTATCACCAGTACTGTTATTGACAACTTCTCTTCT 

AGCAAGAACTCGACAAGCGCGCAGTCGATGA 

II • " 

NRC- 12 7 

ATGAAGTTC^CTGCCACCTTCCTCATGATTTTAATCTTCGTC . 

GTTTAAAAAGGCTGCTCACGX3TAGAGTCACGGAATTAATT 

AATCACAAAAATAAATAGTCGATGTATTTGGCCAATTAGAAT 

AGGCCTTTGATTAGCATGTTCCTTCAATGAAATGGATGTTGAGGT^ 

CAACAATTGAATTCCAATTTGTCCCAAAGGAATT 

TGTTTTTAAAAATATATAATAACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTTATACAAG 
AAAACTTCTTGAAAGTATGTATCAAACATCATCTGTTTGra 

TTATGGAATTGTATAAATTGTCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTTTGTTTGTTTTACA 
GCAAGAACGTTGGCAAGGTGGCCCTTAAGTAAGGACTTCTACCATTATTACTGTATAATTTTGATAGTATTATCAC 
ACTGTTATTGACAACTTCTCTTTTCCTGCTGACT 
AGCTCGACAAGCGTGC^GTQIATGAAGAGCCCAGTGTTATTGCTTT^ 

// 

NRC- 12 8 

GCCCACTTTGTATTCGCAAGGTAATATCGATATTTT^ 
GGTTGTTACTGTATAATGCAAAATTAATGATCTTTATTT 

TC^TGATTTTAATCTTCGTCCTCATGGTCGAACCTGGAGAGTGTGGTATTAGGAAATGGTTT 

AAAGTCACGGAATTAATTTGCTTTTTGCTTTACAAAATATTTTTTTATAGCAGCTG 

ATGTATTTGGCCAATTAGAATGACTTTGATTTCAATAATAATCTAAATAGCAACC 

CTTCAATGAAATGGATGTTGAGGTTTATTTTGATTCT 

TCCCAAAGGAATTCAAAGTAAACTTTTCTAGGCGATTTA 

AACTCAATCCCTATGATAAAATAATAACACATACATTCTGATTTATACAAGACAA 

ATCAAACATC^TCTGTTTGTATAATTGTTTAACATTTCACAAAAAGTCCA 

TCATTTAATATAATTTTTTTGAGTTTATCAATATGTGTTTTTGTTTGTTTT 

GCCCTTAAGTAAGGACTTCTACCATTATTAC^ 

TTTTCCTGCTGACTCTCTCCATCCGACTCATCT^ 

GATGAAGAGCCC^GTGTTATTGCTTTTGACTGAAGAAGTCGCCTTGAAGGAGCCTTCAG 
// 

NRC- 12 9 ^ 

AATGAAGTTCACTGCCACCTTCCTCATAGAATGGTTCATCTTCGTC 

AAAGAAAGTGGTTTAAAAAGGCTACTCACGGTAAAGTCA.CGGAATTAATTAGCATT 

At^GCTCGAAAATTCACAAAAATAAATAGT CGATATATTTGGCCAATTAGAAT CACTTTGATTTCAATAATAATCTAAAT 
AAGAACCTAAAAGGCCTTTGATTAGGATGTTCCTT 

ACOTGCTGCGTCAACAATTGAATTCAAATTTGAGAGGAATTCAGCGTAAATTTTTCT 
TCGGATTTGTTTTTAAATATATAGAATAACTCAATTGCTATGATAAAATAATAACA 
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AAGATTGAAAACTTCTTAAAGGTACGTATAAAACATCATCTGTATT^^ 

AATTGTGTTATGGAAATGTATAAATTGTAATTTAATATAATTTGCTTTAGTTTATCATTAT 

CACAGTTGGCAAGCATGTTGGCAAGGCGGCCCTTGAGTA 

TCACCAGTACTGTTATTGACAACTTCTCTTGTCCT^ 

GAAGCAAGAACTCGACAAGCGCGCAGTCGATG 

// 

NRC- 13 0 

ATGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCT 

GGGATCCACC&TGGTAGGGTCACGGAATTAATTAGATGT^ 

ATTTGACCAATTAGAATCACTTTAATTTCAATAATAAT 

TTTTTTAAATATAGAATAACTGGATCTTTATGCTAAAATAATGAAACATACATTCTGATT 

AAAGTATGTTTAAAACATCATCTGTATGTATAATTGTTTAGCTGTAAACAAATAGTCCAAATAATTGTGTTATGGAAATGTATT 

TGTCATATAATATAATTTGCTTGAATTTATCACCATGTGTTTTTGTTTGTT 

ACTTCTACCATCATTACTGTGTATTTTTAATAGTATTATCA 

TC^GACTCATCCATC^TGGTTACGACGAGCAGCAGGAGCTCGACAAGCGCGCAGTCGATGA 
// 

^TGAAGTTCACTGCCACCTTCCTGGTGTTGTTCATGGTCGTCCTCATGGCTGAACOT 

CATATCAGCGGTAGAGTCACGGAATTAATTTGCTTTTTCCAOT 

AGTCGATATATTTGGCCAAATAGAATAACTTTGAT^ 

TCAATAAAATGGACATTGAAGTTTATTTTGATGCTCACATGCACCGACCTGCTGCGGCAACAATTGAAATCAA^ 

TTAAAGTACATTTTTCTAGGTGATTTAATCTTTCCATTCATCTGATTTATTTTATAAATATAGAATAACTGGATCTTTCTGCTAAAA 

TAATAAAACACACATTCTGATTTTACCAGTCAAGATTGAACACTACTTAAAAGTATGTATAAAACAT 

TAACTGTTAACAATAGTCCAAATAATTGTGTTAAGGAAATGTATTAATTGTGATTTAATATCAOT 

TTTTTTGTTTGTTTTTACACAGGTAGAAAGAAGGCCrT^ 

ATaGTACTXHTATTGACAACTTCTCT^ 

GCAGAAGCTCGACAAGCGCGCAGTCGATGA 

// 

NRC- 13 2 

ATGAAGTTC^CTGCCACCTTCCTGGTGTO^ 
GGGGTCCACCATGGTAGGGTC^CGGAAGTAATTCGATTT^ 
ATTTGATATATTAGAATCACTTTGATTTCAATAATAATCAAAATAACAATCT 
TTTTAAAAATATAGAATAACTGGATCTTTATGGTA 

GAAGTATGTATAAAACATCATCTGTATGTATAATTGTTTAACTGTTAACTAATAGTCCAAATAATTGTGTTATGGAAATGTATTAAT 
TGTCATTTAATATCATTTGCTTGAATTTATCAC<^ 

TTCTACCATCATTACTGTGTATTTTTAATAGTATTATCATCAGTACTGTTATTGACAACTTCTCTTGTCT 
AGACTCATCCATCACGGTTACGACGAGCAGC^GGAGCTCGACAAGCGCGCAGTCGATGA 

// . " - ■ -y ' • " ■ • " ■ . 

NRC-133 * 

GCCCACTTTGTATTCGCAAGGTAATATCGATATTTT 

ATGCAAAATTAATGATCTTTATTTTTCTGTO^ 

AACCTGGAGAGTGTGGTATTAGGAAATGGTTTAAAAAGGCTGC^ 

ACAGCAGCTGGAAAATCACAAAAATAAATAGTCGATGTATTTGGCCAATTAGAAT 

GCCTTTGATTAGCATGTTCCTTCAATGAAATGGGTC 

tttgtCccaaaggaattcaaagtaaacttttctaggcgatto 

ATGATAAAATAATAACACATACATTCTGATTTATACAAGACAAGATTGAAAACTTCTTGAA^ 
TTTAACATTTC^CAAAAAGTCCAACTAATTGTG^ 
GTTTGTTTTACACAGTTGGCAAGAAAGTTC^ 
AGTACTGTTATTGACAACTTCTCTTTTCCTGCTGACTCTCTCC^ 

GTGCAGTCGATGAAGAGCCCAGTGTTATTGCTTTTGACTGAAGGAGTCGCCTTGAAGGAGCCTTC 
II 
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Appendix II. Nucleotide sequences of hepcidin-like genes and cDNAs referred to in 
Table 11. 

NRC201 

CGCCCTTAAGATGAAGACATTCAGTG 

TTTCTCCGAGGTGCGAACGGAGGAGGTTGAAAGCATTGACAGTCCAGTTGGGGAACATC^CAG 

GCCGGTACGTTCAATTTAGTGAATGAATTAAGTAATTACCT 

ATTAGCCCACTAGCGCTAGTTGTTAACCATTTGATTGTGAGC 

GGAGACTTGGAG?y^AAATACTTACCATGTGCTTGTTCCGACCTTTT 

TCAAGCGTGAGAGCC^CCTCTCCCTGTGCCGTTGGTC 

GACCTGCCAGCAAAGGGCGAATTCGTTTAAAACAC 

// 

NRC202 

AGA/TGAAGACATTCAGTGTTGCAGTTGCAGTGGTGGTC 

AGGTGCGAACGGAGGAGGTTGAAAGCATTGACAGTCCAGTTGGGGAAC^^ 

ATTTCAGGTTCAAGCGTCAGAGCCACCTCTCCCTGTGCCGTTGGTGCTGCAACTGCT 

AATTCTGAGGACCTGCCAGCA 

// 

NRC203 

ACGAGGTCCCTCATCCGCTGACACGAAAAGAACAATCAATGAACTTO 

GGAGAGCGTCGCTTTTTGGGAACATTGAAGAGTTCT 

AGGACTTTTAAATAGGCTATAAACTTCCTAAAAAA 

ATGTATGTTC^TCCTTGAAAGCACCGCTGTTCCT^ 

TTGGGGAACATCAACAGCCGGGCGGCGAGTCGATGCATCTGCCGG 

CTGTGCGGTTTGTGCTGCAACTGCTGTCACAACATTGGCTC 

TTTCTAGTTTGTACATGTTTGCAATGTTTTC 

TCTTATTGTGACACTTTAAAAAAAATAAACACATTCTTTGAATACAAAAAAAAAAAAAAAAAA 
// 

NRC204 

CGAACGGAGGAGGTTGAAAGCATTGACAGTCCAGTTGGGGAACA^ 
GCATTTCAGGTTCAAACGTCAGAGCCACCTCTCCCT 
TCTGCTGCAAATTCTGAGGACCTGCCAGCACTAAAG^ 
TGTTTCTTTTGGACTCTGTGGAGAAGATGCAATCTCATT^ 

// 

NRC205 

AAGATGAAGAC^TTCAGTGTTGCAGTGGTACCCGTCATTGCATGT^ 
CGAACGGAGGAGGTTGGAAGCTTTGACAGTCCAGTTGGGGAAC^ 
AGGTTGAAGCGTCAGAGCCACCTCTCCCTC 
TGAGGACCTGCCAGCA 

// * . . * 

NRC206 . . * 

TAAGATGAAGCAATTCAGTGTGGCAGTGGTAOTCGTC^TGGCATC 

GCGAACGGAGGAGGTTGGAAGCTTGGACAGTCCAGTTGGGGAAC^ 

CAGGTTCAAGCGTCAGATCCACCTCTCCCTGTC 

CTGAGACTG CCAGCA 

// 

NRC207 

ACGAGGCACACGCTGACCAGGGGGTCACCACAACTTCTGAAG 

GGAGCCCGAAGAACACAGGACGCTGCGGTGCTCGTCGGTGGCCGGACACCC^TGAGACAGAAGACCT 

CTTC^GAAGGATTTCCTGACTCAGCATCTAAAACCTCCCTCAAAATGAAGGCATTCA^ 

GTGCTCGCCTTTGTTTGCATTCAGTGCAGCTCTGCCGTCCCATTCCAAGGGGTGCAGGAGCTGGA 

TGACACTCCAGTTGCGGAAGATCAAGTGATGTGAATGGAATCCTGGATGGAGAATCCC^ . 

GCCACATCTCCCTGTGCCGCTGGTGCTGCAACTGCTGCAAGGCCAAa^GGGCT 

TTCCCGCAACAGAACCTCACAATGTATTAATTT^ 

ATTTTGTATAATCTTTTAAATAAAACGGGGTACGATTCATGGAAAAAACCCTTTGAATAA 

AAAAAAC 

// 

NRC208 

AAGATGAAGACATTCAGTGTTGCAGTTGCAGTGACACTCGTGCT 

GGGGTAAGAACGCAACTTTAACTCGCTTCATTTGCTTATTAGCCATAAATGT 

TATAATTCATTAACAGGTGCAGGAGCTGGAGGAGGC^ 

GTGGATGGTATGTTCAATCTCTTCAATCGACTGGATGAA 

GCCCGGTGCTGTAGGGAATAAAACCCCTCGTTCATGTGTCTTGTC^ 

CACATCTCGATGTGCCGCTGGTGCTGCAACTGCTGCAAGGC 

// 

NRC209 

AAGATGAAGAC^TTCAGTGTTGCAGTCACAGTGGCCGTC 

GTAAGCTCCTGACTTCZAGATCGTTTCATTTTGCTTGTTATCCATGAATOT 

GGTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATG^^ 

AGTTCACTGAATGGATCAAACCAATTCACATC^GACCTTTCAGATGGAAGTGAAT 

GTTTACACAAGCAGTGAAAACAAACACAGAAAGTTATGATGATGCTGA 

CATACAACAGAC^GAAGCGTGCCTTCAAGTGTAAGTTCTGCTGCGGOT 

GAGGATTCCTGCTCCAACAAC 

// 

NRC210 

ACGAGCTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACn^ 
AAGACATTGAGTGTTGCAGTCACAGTGGCCGTCGTCCT 
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GGCA.CIAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGOT 

TGCCATACAACAGACAGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGC 

TGCAAGTTCTGAGGATTCCTGCTCCAACAACCA^ 

TAAACATATTTCTGGTTGAGCATGTGATAGTTTAATTC 

TGATTGTATCACCCACATATTTTCTCTGTTAGGTGTATTTTCAATAAATTC 

AAAAAAAAAAAAAAAAAAAAA 

// 

NRC211 

ACGAGCGGCACGAGGTGAACTGACAGGAGCTGACAGGAGTCACCAGCAGAGTC^ 

AACTCTCAAAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGT^ 

GCCTCCTTTCCTGAGGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGOT 

TGACTCGTGGATGATGCCAAAGAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCT 

TCTGTGGACTGTGCTGCAAGTTCTGAGGATTCCTGCTCCAACAACCATCAAATATT(^ 

AGTTCATTGAACTATATACATATTTCTGGTAGAGCATGTGATAGTTTAATGGTGCTACTCCTTGGTTCAT 

AGTGTTCAGAGATGTGATTGTATCACCCACATATTTCTCTGTTAAGGTGTATTTTCAATAAATGTTAATG 

AAAAAAAAAAAAAAAAAAA 
// 

NRC212 

ACGAGACTGACAGGAGCTGACAGGAGTCACCAGCAGAGTCAAAGAACTAAACAACTTAAC 

GAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCA 

AGATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTC^ 

TGCTGCAAGTTCTGAGGATTCCTGCTCCAACAACCATCAAATATTCATTTGTTTTGC 

CTATAAACATATTTCTGGTTGAGCATGTGATAGTTTAATGGTGTTACTCATTGGTTCATGGTATAGTCA 

ATGTGATTGTATCACCCACATATTTTCTCTGT^^ 

// 

NRC213 

AAGATGAAGAC^TTCAGTGTTGCAGTGACAGTGGCCGTCGTGCTCGTC 
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTCA 

TCCTTCTTTATCAGGCACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCT 

GACTCCAGGAGTGAATGTGTTTTAGTC^CAAA^ 

GTTATGATGATGCTGATGAAGGTCTCCTCATGTCTCM 

TAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAGTTOT 

AAC 

// 

NRC214 

AGATGAAGACATGCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCTG 
CCTGAGGTAAGCACCTGACTTCAGATCGTTTCATTTGCTT 

CCTTCTTTATCAGGTACAAGAGCTGGAG^^ " 
C ACTCGTGGATGGTAGGTTCAGTTCACTGAATGGATCAAT^ 
TASTCACAAAAQTQCCCCTQWUSCTCAQT^ 

GTCTCCTCATGTCTCATGTCTCTCACACAGATGCCAAACAACAGACAGAAGCGTGG^ 
CTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAGTTCTGAGG^rrCCTGCTCCGGACAA 

// 

NRC215 

AAGATGAAGACAATCAGTGTOGCAGTCACAGTGGCCGTCGTCCTCGTCTTTATTTGTAT 
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTAATTTGCTTGTTATCGATGAATCTCTCAT 
TCCTTCTTTATCAGGGACAAGAGCTGGAGGAGGCAGTGAGCAATGAC^ 
GACTCAGGGATGGTAGGTTCAGTTCACTGAATGGATCA^ 

TTAGTCACAAAAGTGCCCTGAAGCTGAGTTTACACAAGCAGAGAAAACAAACAGA 

GTCTCCTCATGTCTCATGTCTCTCACACAGATTCCATACAAGAG 

CTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTGAGGACCTGCCAGCA 

// 

NRC216 

AAGATGAAGACATTCAGTGGTGCAGTCACAGTGGCCGTCGTGCT^ 
TCCTGAGGTAAGCACCTGACTTCAGATCGTTTCATra^ 

TCCTTCTTTATCAGGTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAAC^ 

GACTCGTGGATGGTAGGTTCAGTTCACTGAATGGATCAATCCATTTCA 

TTAGTCACAAAAGTGCCCTGAAGCTCAGTTTACACAAGCAGAGAAAACAAACAGAGT 

GTCTCCTCATGTCTCATGTCTCTCACACAGATGCCAAACAACAGACAGAAGCGT 

CTGCTGCAGAGCTGGTGTCTGTGGACTGTGCTGCAAATTCTGAGGACCTGCCAGCA 

// 

NRC217 

AAGATGAAGACATCAGTGGTTGCAGTCACAGTGGCCGTCGTGCTCGT^ 
GTAAGCACCTGACTTC^GATAGCTTCATTTGCTTC 

GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGCGCATCAGGAGAC^ 

GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGAT 

TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGA 

ATACAACAGACCGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGT 

AGGATTCCTGCTCCAACAAC 

// 

NRC218 

AAGATGAAGACATTCAGTGTGGCAGTCACAGTGGCCGTCGTGCTCG 
GTAAGCACCTGACTTGAGATAGCTTCATTTGCTTGTTATCCATGAATCT 
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCCGCTGAA 
GTTCACTCAATGGATCAAACCAATTCAC^TCAGATCTTTCAGATGGAAG 

TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATGT 
ATACAACAGACCGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCG^ 



83 

SUBSTITUTE SHEET (RULE 26) 



WO 2004/018706 



PCT/CA2003/001323 



AGGATTCCTGCTCCAACAAC 
// 

NRC219 

AAGATGAAGACATTCGTGK3TT^ 

GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCATGAATCT 
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCCGCTG^ 
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTT 
TTTAC^CAAGCAGAGAAAACAAGCAGAGTAA^ 

ATACAACAGACAGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTG 

AGGATTCCTGCTCCAACAAC 

// 

NRC220 

AAGATGAAGACATCAGTGGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCA 

GTAAGCACCTGACTTCAGATAGCTTCATTTGCTTGTTATCCAT^ 

GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCrGCT 

GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGAAGTGACTGTGTTTTAGTm 

TTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCAT 

TACAACAGACATAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCT 

GGATTCCTGCT 

// 

NRC221 

AAGATAAGACATTCAGTGTTGCAGTCACAGTGGC^ 

TAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATC 

TACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGG 

TTCACTGAATGGATCAAACCAATTCACATC^GATCTTTCAGATGGAAGTGAATGT 

TTACACGAGCAGAGAAAACCAAGACAGTAAGTTATGATGATGCTGATGAACGTCTCCTCATGTCT 

TACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCrGCAGCCCTGGT^ 

GGATTCCTGCTCCAACAAC 

// 

NRC222 

AAGATGAAGACATTCAGTGTTGCAGTCGCAGTGGCCGTCGTGCTCATCTTTATTTGTATCCAGCAGAGCTCTGCCAC 
GTAAGCACCTGACTTCAGATAGTTTCATTTGCTTGTTATCCATGAATCTCTC^ 
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGC^ 
GTTCACTCAATGGATCAAACCAATTCACATCAGATCTOT 

TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCTGATGAACGTGTCCTCATG 
ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGT 

AGGACCTGCCAGCA 

// ' 
NRC223 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTC 

GTAAGCACCTGACTTCAGATAGTTTCATTTGClTGTTATCCATG 

GTACAAGAGCTGGAGGAGGC^GTGAGG^TGACAATGCAGCTGCTGAAC^T 

GTTCACTCAATGGATCAAACCAATTCACATCAGATCTTTCAGATGGAAG 

TTTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGCT 

ATACAACAGACATAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCT^ 

AGGACCTGCCAGCA 

// 

NRC224 

AGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCT 

TAAGCACCTGACTTCAGATAGTTTCATTTGCTTGTTATCCATGAATCT 

TACAAGAGCTGGGGGAGGCAGTGAGCAATGACAATGCAGCCGCTGAACATCAGGAGA 

TTCACTCAATGGATCAAACCAATTCACATCAGATCTTT CTCAGT 

TTACACAAGCAGAGAAAACAAGCAGAGTAAGTTATGATGATGOTGATGAACGTGTCCTC^ 

TACAACAGACCGAAGCGTAGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGAGCTGGTGTCTGTGGACTC 

GGACCTGCCAGCA 
// 

NRC225 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCATCTTTATTT 

GTACAAGGGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCT 

AACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCT^ 

TTCCTGCTCCAACAAC 

// 

NRC226 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTC 

GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCT 

GTACAAGAGCIGGAGGAGGCAGTGAGCAATGAC^ATGCAGCTGCTGA 

GTTCACTGAATGGATCAAACCAATTCACATGAGATCTTTCA.GATG 

TTTACACGAGCAGAGAAAACCAACACAGTAAGTTATGATGATGCTGAT 

ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGACCTGGT 

AGGATTCCTGCTCCAACAAC 

// . 
NRC2 27 

AAGATGAAGACATTCAGTGTTGC^GTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAG 

GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTCT 

GTACAAGAGCTGGAGGAGGCAGTGAGGAATGACAATGCAGCTGCTGA^ 

GTTC^CTGAATGGATGAAACCAATTCACATCAGATCTT^ 

TTTACACGAGCAGAGAAAACCAACACAGTAAGTTATGATGATGCn^T 
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ATACAAGAGACAGAAGCGTGGCTTTAAGTGTAAGTT 

AGGATTCCTGCTCCAAC 

// 

NRC228 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCT 
GTAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCTC 

GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATCAGGAGACATCAGTGGACTTO 

GTTCACTGAATGGATCAAACCAATTCACATCAGATCCTTCAGATGGAAGTGAATGTGTTTTAGTC^ 

TTTACACGAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAAC 

ATACAAGAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTC 

AGGACCTGCCAGCA 

// 

NRC229 

AAGATGAAGACATTCAGTGTTGCAGTCACAGT^ 

GTAAGCACCTGACTTCAGATCGTTTC^TTTGCTTGTTAGCCTTGAATCTCTCATCAACATACTGAGAOT 
GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTG 
GTTCACTGAATGGATCAAACCAATTCACATCAGA 
TTTACACGAGCAGAGAAAACAAACACAGTAAGTTATG 

ATACAACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTC 

AGGACCTGCCAGCA 

// 

NRC230 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGT^ 

GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAAC^^ 

AACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGC!TGCTGCAGACC 

CCTGCCAGCA 

// 

NRC231 

AAGATGAAGAGATTC^GTGTTGCAGTCACAGT 

GTACAAGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAACATG^ 

AACAGACAGAAGCGTGGCTTTAAGTGTAAGTTCTGCTGCGGCTGCTGCAGGCCTGG 

TTCCTGCTCCAACAAC 

// 

NRC232 

AAGATGAAGAC^TTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTCATTTGTATCCAGCAGAGCT 

GTAAGCACCTGACTTCAG^TCGTTTCATTTGCTTGTTAGCCTTGAATCTCTCATCAACATAC 

GTACAAGAGCTGGAGGAGGCAGTGAGCAGTGACAATGCAGCTGCT 

GTTCACTGAATGTGTTTTAGTC^GAAAAGTGCCCTGAAGCT 

CTGATGAACGTCTCCTCATGTCTGATGT 

GGCTGCTGCAGACGTGGTGTCTGTGGACTGTGCTGCAAATTCTGAGGATTCCTGCTCCAACAAC 

// ~ * 

NRC233 

AAGATGAAGACTATCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCCTCTTCATTTGTA^ 
GTAAGCACCIGACTTCAGATCGTTTCATTTGCTTO 

GTACAAGAGCTGGAGGAGGCAGTGAGCAGTGACAATGCGGCTGCTGAACATCAGGAGA^ 

GTTCACTGAATGGATCAAACGAATTCACATCAGATCTTTCAGA 

TTTACACAAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACGTOT 

AGATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGGAAG 

AATTCTGAGGATTCCTGCTCCAACAAC 

II 

NRC234 

AAGATGAAGACATTCAGTGTTGGAGTCACAGTGGCCGTCGTC 
GTAAGCACCTGACTTCAGATCGTTTCATTT^ 

GTACAAGAGCTGGAGGAGCCAGTGAGCAGTGACAATGCAGCTGCTGAACATC^ 

GTTCACTGAATGGATCAAACCAATTCACATCAGATCT^ 

TTTACACAAGCAGAGAAAACAAACACAGTAAG 

AGATGCCATAGAACAGACAGAAGCGTGGCTTTAAGTGCAAG 

AATTCTGAGGACCTGCCAGCA 

// 

NRC235 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTC 
TAAGCACCTGACTTCAGATCGTTTCATTTGCTTGTTAGCCTTGAATCT 

TACAAGAGCTGGAGGAGG(^GTGAGCAGTGACAATGCAGCTGCTGAACATCAGGAGACATCAGT» 
TTCCCTGAATGGATCAAACGAATTCACATCAGATCT^ 

TTACACAAGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGATGAACATCTCCT 

GATGCCATACAACAGACAGAAGCGTGGCTTTAAGTGCA 

ATTCTGAGGACCTGCCAGCA 

// 

NRC23 6 

ACGAGCTGA(^GGAGCTGACAGGAGTCAC(^GCAGAGTCAAAGAACTAAACAAOT 

TCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTC 

AGGAGGCAGTGAGCAATGACAATGCAGCTGCTGAGCATCAGG^ 

GCAGCGCCGATTGTTGGCCATGTTGCAATCAAAATGGCTGTGGAACTTGCT 

GGTTCGTCTTTCGTTGTCTCTCCGTGGAGTCGAACCAG^ 

TCCCTGATCAAATACTCAATGTTTTTCATTTTGTCT^ 

ATGGTGTTACTCATTGGTTCATGGTATAGTCAGATGTTCAGAG 

TCAATAAATGTCAATGCTCCTTTGAAAAAAAAAAAAAAAAAA7VAAC 
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// 

NRC237 — 

CGTGCTCGTCTTOATTTGTATCCAGCAGAGCT 

ATCCATGAATCTCTCATCAACATACTGAGACTT 

CAGCTGCTGAACATCAGGAGACATCAGTGGACTCATGGATGGTATGTTCAGTTCACT 
TTCAGATGGAAGTGAATTTGTTTTAGTCCCAAAAGTGCCCT 
TGATGATGCTGATGAACGTCTCCTCATGTCTCATGTCTCT*^ 
TCTGCTGCAATGAATCTGGCTGTGGAATTTGCTGCAAATTCT 

// 

NRC23 8 

AAGATGAAGACATTCAGTGTTGCAGTCACAGTGGCCGTCGTGCTCGTCTTTATTTGTATCCAGCAGAGCTCT^ 

GTGAGCTCCTGACTTCAGATCGTTTCATTTAGCTT 

GGTACAGGAGCTGGAGGAGGCAGTGAGCAATGACAATGCAG 

AGTTCACTGAATGGATCAAACCAATTCAGATCAGATCTTO 

GTTTACACAAGCAGAGAAAAACAAAACACAGTAAGTTATGATGATGCTGATGA 

GCCATACAACAGACAGAAGCGCAGCGCCGAGTGTAGCTTCTGCTGCAATGAATCT 

TGCCAGCA 

// 

GTGGAGGAGCCAGTGAGCAGTGAGAATGGAGCAAATGAACAC^ 

GTGGCTCGAAGCTCAGTACACACGAGGAGAGAGAAC 

AGCAGAGAAAACAAACACAGTAAGTTATGATGATGCTGAT 

GACAGAAGCGTGGCTCTAATTGCAAACGATGCTGCAATCATAATGGCTGTGGAACGTGCTGCGAAGT 
// 
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